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with an OC containing 3$ mcg ethinyl estradiol (EE) and 0.5 to | mg norethindrone for 2! 
days, either concomitantly or separated by 12 hours, increased the steady state AUC, ... of EE 
by 50 to 60%; however, norethindrone concentrations generally did not increase to a clinically 
relevant degree. Consider this increase in EE concentration when selecting an appropnate oral 
contraceptive for use with etoncoxib. Digoxin: Patients at high risk of digoxin toxicity should 
be monitored for an increase in digoxin CL when ¢toncoxib and digoxin are administered 
concomitantly. Effect of etoricoxib on drugs metabolised by sulfotransferases: Etoricoxib is a 
weak inhibitor of human sulfotransferase activity, particularly SULTIE! and has been shown 
to increase the serum concentrations of ethinyl estradiol. It may be prudent to exercise care 
when administering etoricoxib concurrently with other drugs primarily metabolised by human 
sulfotransferases (¢.g. oral salbutamol and minoxidil), Effect of etoricaxib on drugs metabolised 
by CYP isoenzymes: Based on in vitro studies, etoricoxib is not expected to inhibit cytochromes 
(CYP) 1A2, 2C9, 2C19, 2D6, 2E1 or 3A4. In a study in healthy subjects, daily 
mmustration of etoncoxib 120 mg did not alter hepatic CYP3A4 activity as assessed by the 
erythromycin breath test. Effects of other drugs on the pharmacokinetics of etoricaxib: The main 
pathway of etoricoxib metabolism is dependent on CYP enzymes. /n vitro data indicate that 
CYP3A4 plays a major role (60%) in the metabolism of etoricoxib and that the remainder of 
the activity is shared among multiple other CYP isoenzymes. Ketoconazole: a potent inhibitor 
of CYP3A4, dosed at 400 mg once a day for 11 days to healthy volunteers did not have any 
clinically important effect on the single-dose pharmacokinetics of 60 mg etonconab (43% increase 
in AUC). Rifampicin: Co-admimstranon of etoricoxib with nfampicin, a potent inducer of CYP 
enzymes, produced a 65% decrease in etoricoxib plasma concentrations. Consider this when 
¢loncoxib is co-administered with rifampicin. Antacids: Antacids do not affect the 


pharmacokinetics of cloncoub to a clinically relevant extent. Pregnancy: contra-indicated in 
the first, second and third trimesters of pregnancy. Lactation. contra-indicated 
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60 mg of 90 mg for up to 12 weeks: {Common (21/100, <1/10) Uncommon (21/1000, <1/100)) 
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leukocytes decreased platelets decreased. Cardiovascular system: Common. hypertension 
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appendages: Uncommon: pruritus, rash, Urogenital: Uncommon: urinary tract infection, blood 
urea nitrogen increased, hyperkalaemia, proteinuria, serum creatinine increased, uric acid 








increased. In addrton, drug aller 
effects have been reported 
ctoricoxib: neph t 
failure; hepatotonacity meludm 
perforation and bleeding, cutanco-muc ) t 
PACKAGE QUANTITIES AND BASK NHS ( COST 

60 and 90 mg Tablets: packs of 28 table 

Marketing Authorisation numbers 

Tablet 60 mg: PL 0025/0422. Tablet % Hs 
Marketing Authorisation holder 

Merck Sharp & Dohme Limited 

Hertford Road Hoddesdon, Her 





















POM Date of review: Ay X 
& denotes registered trademark of Merck 4 \ ase $ 
Merck Sharp & Dohme Limit 


€% MSD 


Merck Sharp & Dohme Limited 
Hertford Road, Hoddesdon, Hertfordshire 





EN11 9BU 


Editorial Notices 


Difficult Airway Day 

Glenfield Hospital, Leicester, September 30, 2002 

For further information please contact: Conference Co- 
ordinator, Clinical Education Centre, Glenfield Hospital, 
Groby Road, Leicester LE3 9QP, UK. Tel: +44(0) 116 250 
2305; Fax: +44(0) 116 256 3334; E-mail: jackie. 
howarth @uhl-tr.nhs.uk 


15th Annual Congress of the European 
Society of Intensive Care Medicine 


Barcelona, Spain, September 29—October 2, 2002 


Information: ESICM Congress Secretariat, 40 Avenue 
Joseph Wybran, B-1070 Brussels, Belgium; Tel: +32 2 
559 03 55; Fax: +32 2 527 00 62; E-mail: public@ 
esicm.org 

Internet: http://www.esicm.org 


Final FRCA Revision Course 


Clinical Education Centre, Leicester Royal Infirmary, 
October 1-4, 2002 


An intensive revision course of lectures, tutorials MCQ and 
SAQ papers and VIVA practice with individual feedback. 


For further information, please contact: Christine Gethins. 
Tel: 0116 258 5291; E-mail: anae@le.ac.uk 


Dingle 2002—4th Current Controversies in 
Anaesthesia and Peri-operative Medicine 


Dingle, County Kerry, Ireland, October 2-6, 2002 


For further information contact: Dr Monty Mythen, 
Director, Centre for Anaesthesia, UCL, Room 103, 
Ist Floor Crosspiece, Middlesex Hospital, London, 
WIT 3AA, London, UK. Fax: +44 (0)20 7580 6423; 


E-mail: uch.acru @btinternet.com 


5th SW Thames Anaesthesia Forum 
Da Balaia, The Algarve, Portugal, October 7-10, 2002 


The scientific programme will include lectures and 
discussions on: acute and chronic pain; paediatric update; 
obstetric anaesthesia; neurology and anaesthesia; ITU and 
relevant medical topics; cardiothoracic anaesthesia; day 
case surgery; regional blocks; new drugs update; and 
training and education. There will be free papers; core 
topics for personal portfolio, guest speakers, workshops, 
videos on new drugs, equipment and techniques. 


Open to all anaesthetists. Anaesthetists in training present- 
ing papers are eligible for prizes. Deadline for abstracts: 
August 24, 2002. Meeting approved for CME. For full 
information and for online registration please visit: 
www.doctorsupdates.com 

Dr J. B. Liban, Anaesthetic Department, St George’s 
Hospital, Blackshaw Road, London SW17 OQT, UK. Tel: 
+44 (0) 208 725 3135; E-mail: liban@mailbox.co.uk 


International Society for Anaesthetic 
Pharmacology (ISAP, formerly SIVA) 
Orlando, Florida, USA, October 11, 2002 


Contact: International Society for Anaesthetic 
Pharmacology (ISAP), 2 Summit Park Drive, Suite 140, 
Cleveland, OH 44131-2553, USA. Tel: +1 216 447 7862: 
Fax: +1 216 642 1127; E-mail: isaphq@iars.org; Website 
www.isaponline.org 


Australian Society of Anaesthetists National 
Scientific Congress 

Adelaide, Australia, October 26-30, 2002 

This is the Society’s premier scientific conference, held in 
an interesting part of the world. 


For further details, please contact: Festival City 
Conventions, PO Box 949, Kent Town, SA 5071, 
Australia. Tel: +61 (0)8 8363 1307; Fax: +61 (0)8 8363 
1604: E-mail: asa2002 @fccconventions.com.au 


8th International Congress of Cardiothoracic 
and Vascular Anesthesia 

19th International Congress of the Israel 
Society of Anesthesiologists 

Jerusalem, Israel, November 10-13, 2002 

For further information regarding the Congress, please 
contact: 

8th International Congress of Cardiothoracic and Vascular 
Anesthesia, PO Box 50006, Tel Aviv 61500, Israel 


Tel: +972 3 5140000; Fax: +972 3 5140077; E-mail: 
anesth2002 @kenes.com 


Web address: http://www. isranest.org.il/congress 2002 


Primary FRCA Revision Course 


Clinical Education Centre, Leicester Royal Infirmary, 
November 27-29, 2002 

An intensive revision course with emphasis on small group 
tutorial teaching and including MCQ and VIVA practice 
with individual feedback. 


For further information, please contact: Christine Gethins. 
Tel: 0116 258 5291; E-mail: anae@le.ac.uk 








Editorial Notices 


21st Annual Symposium: Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
Antigua, West Indies, January 19-25, 2003 


For information on abstracts, posters and free papers 
(deadline: November 4, 2002) please contact: Helen 
Phillips, Mount Sinai Medical Centre, 1 Gustave L. Levy 
Place, Box 1010, NY 10029-6574, USA. Tel: +1 212 241 
7467, Fax: +1 212 426 2009; E-mail: helen.phillips@ 
mssm.edu 


77th Clinical and Scientific Congress of the 
International Anesthesia Research Society 
New Orleans Marriott, New Orleans, Louisiana, March 
22-26, 2003 

For further information, please contact: 


International Anesthesia Research Society, 2 Summit Park 
Drive, Suite 140, Cleveland, OH 44131-2553, USA. 
Tel: +1 216 642 1124; Fax: +1 216 642 1127; E-mail: 
iarshq@iars.org; Website: www.iars.org 


German Congress of Anaesthesiology 2003 
(DAK 2003) 

Messezentrum Nürnberg, June 18-21, 2003 

For further information, please contact: 


Medizinisch Congressorganization Niirnberg AG. 
Tel: +49 911 393160; Fax: +49 911 331204 


27th Congress of The Scandinavian Society of 

Anaesthesiology and Intensive Care Medicine 

Helsinki, Finland, August 16-20, 2003 

A biannually arranged Scandinavian congress in one of the 

five Scandinavian countries; language: English. 

Prof. Per 
Helsinki 


For further information please contact: 
H.Rosenberg, Helsinki University Hospital, 
FIN00029 HUS, Finland. 


E-mail: per.rosenberg @hus.fi 

Or: CONGREX/Blue & White Conferences Oy 
E-mail: congrex @congrex.fi 

Web address: www.congrex.fi 


Dingle 2003—5th Current Controversies in 
Anaesthesia and Peri-operative Medicine 
Dingle, County Kerry, Ireland, October 1-5, 2003 


For further information contact: 

Dr Monty Mythen, Director, Centre for Anaesthesia, UCL, 
Room 103, Ist Floor Crosspiece, Middlesex Hospital, 
Londen, WIT 3AA, London, UK. Fax: +44 (0)20 7580 
6423; E-mail: uch.acru@btinternet.com 


7th Biennial Congress of the Asian and 
Oceanic Society of Regional Anesthesia and 
Pain Medicine 

Bangkok, Thailand, November 5-8, 2003 

A biennial congress with a scientific programme of special 
lectures, symposiums, and workshops on various techni- 
ques of regional anaesthesia and pain medicine. 

For further information, please contact: AOSRA 
Secretariat, 39 Pradipat 10 (Phaholyothin 11) phyathai, 
Bangkok 10400, Thailand. Tel: +66 0 2615 7301; Fax: +66 
0 2615 7309; Mobile: +66 (01) 836 1368; E-mail: 
cdm @cdmthailand.com 

Web address: http://www.cdmthailand.com 


13th World Congress of Anaesthesiologists 


Palais des Congrès de Paris, Paris, France, April 18-23, 
2004 


For further details, please contact the Congress Office at: 
COLLOQUIUM, 12 rue de la Croix Faubin, F-75557 
Paris cedex 11, France. Tel: +33 (0) 1 44 64 15 15. Fax: 
+33 (0) 1 44 64 15 16/17. E-mail: wca2004 @colloquium.fr 
Website: www.wca2004.com 


International Anaesthesia Research Society 
Annual Clinical and Scientific Congresses 


78th Clinical and Scientific Congress of the 
International Anesthesia Research Society, Tampa 
Marriot Waterside Hotel, Tampa, Florida, March 27- 
31, 2004 


79th Clinical and Scientific Congress of the 
International Anesthesia Research Society, Hilton 
Hawaiian Village, Honolulu, Hawaii, March 11-15, 
2005 


For information please contact: International Anesthesia 
Research Society, 2 Summit Park Drive. Suite 140, 
Cleveland, Ohio 44131-2553, USA. Tel: +1 16 642 1124; 
Fax: +1 216 642 1127; E-mail: iarshq@iars.org: Website: 
www. iars.org 


EPREX® ABBREVIATED PRESCRIBING INFORMATION 


Please refer to Summary of Product Characteristics (SmPC) before prescribing. 


Presentation: 

Epoetin alfa solution presented as 1,000 1U/0.5 mi, 2.000 1/0.5 mi, 3,000 1U/0.3 mi, 
4.900 1U/0.4 ml and 10,000 {U/ml in pre-filled syringes and 1.000 1U/0.5 mi, 2,000 
{U/mi, 4.000 IU/ml and 10,000 IU/ml in vials. For subcutaneous (SC) injection 


Uses: 

To increase autologous blood yieid from adult patients in a predonation {ABD} 
programme (treat only patients with moderate anaemia if blood saving procedures 
not avaliable or insufficient, when scheduled maior elective surgery requires large 
blood volume), To reduce exposure to allogeneic blood tranfusions prior to major 
elective orthopaedic surgery (restrict use to patients with moderate anaemia. not 
having ABD, with expected moderate blood loss} 


EPREX® (epoetin alfa) 
Increases Preoperative _ 
Haemoglobin Levels’ 


Dosage and administration: 

ABD: N route. Mildly anaemic patients (haematocrit 33-39%) requiring predeposit 
of 24 blood units: 600 IU/kg 2 times weekly for 3 weeks after the blood donation 
procedure, prior to surgery. iron supplementation required 


EPREX Maintains 


Elective orthopaedic surgery: SC route. 600 IU/kg weekly three weeks prior to 


surgery and on surgery day. Where surgery lead time <3 weeks, 300 IU/kg ten Higher P ostoperative 
Haemoglobin Levels’ 


consecutive days prior to surgery, on surgery day and for 4 days immediately after. 
Stop treatment if Hb level reaches 15 g/dl. iron supplementation required. 


Contra-indications: 

Uncontrolled hypertension. All ABD programmes’ contra-indications. Component 
hypersensitivity. Prior to major elective orthopaedic surgery in patients (not participating 
in an ABD programme) with severe coronary, peripheral arterial, carotid or cerebral 


vascular disease, including those with recent myocardial infarction or cerebral vascular Higher Haemoglobin Results In a 
accident. Patients who cannot receive adequate antithrombotic prophylaxis. R edu cti on in transfu sj ons 


Warnings and precautions: 


Closely monitor blood pressure. Epilepsy and chronic liver failure—use with caution. Improved early postope rative vigour 9 


Consider and treat all other causes of anaemia before starting EPREX. Mostly, serum 
ferritin falls simultaneously with packed cell volume rise. Assure adequate iron stores F arl jer artici ion in r ili Inns 

to ensure optimum EPREX response. Monitor platelet count regularly during first 8 p pat ehabi tation i 
weeks. Epoetin alfa cannot be excluded as possibie growth factor for any tumour 
type. Respect special warnings associated with ABD programme. Prior to elective 
orthopaedic surgery-establish anaemia cause and determine thromboembolic 


risk/benelit. Give adequate antithrombotic prophylaxis. If Hb >43 g/dl do not use; EPREX is Generally Well Tolerated 


increased risk of thrombotic vascular events 


“i 


Use in pregnancy and lactation only if potential benefit outweighs potential risk to 
foetus or baby. 


Side effects: 
Nonspecific skin rashes and flu-like symptoms. Increased risk of thrombotic/vascular 
events where Hb >13 g/dl prior te electi edic surgery. 





Overdosage: 
High therapeutic margin. Phlebotomy may be performed if Hb too high 


Interactions: 
Do not administer with other drug solutions. Potential cyclosporin interaction. No 
interaction evidence with G-CSF or GM-CSF. 


Pharmaceutical precautions: References: 


Store at 2 to 8°C. Do not freeze or shake. Protect from light. Unpreserved product 1, Sto 
Administer only one dose per vial or syringe 

2. de Andri 
Legal category: POM. 


Product licence/authorisation holder: 
Janssen-Cilag Ltd, Saunderton, High Wycombe, Buckinghamshire, HP14 4HJ, UK. 
(PL 0242/0215, 0218, 0221, 0297-9 PA/748/25/1 -9} 





Please see abbreviated Prescribing Information on adjacent page. 
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Further information: Available from: 
Janssen-Cilag Ltd, Saunderton, High Wycombe, Buckinghamshire, HP14 4HJ, UK. 
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for real-time ultrasound-guided vascular access 


artery 





Low Cost 


Easy to use (See one, Do one, 
Teach one!) 


See what you puncture 
Significantly reduces risk of in- 
advertent arterial puncture, hae- 


matoma or pneumothorax 


Choice of semi-permanent or 
disposable needle guides 


“Site~Rite” is a registered trade mark of C.R. Bard, inc., or an affiliate 
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Powerful, effective analgesia 
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EPIDUROSCOPY 


A learning aid for physicians 





60 minutes of high quality digital video on DVD 
format 


Includes sections on 





s History of procedure 

a Patient selection 

a Introducing the scope 

= Manipulating the scope in 
the epidural space 

= Interpreting findings 

s Interventional techniques 

m Troubleshooting 

= Anaesthetic 

considerations 


piduroscopy 





Produced by Dr Paul Graziotti MBBS FFARACS 
FFARCS FFPMANZCA, Pain Management 
Physician 


The perfect refresher too! for beginning and 
established practitioners. 


Available for purchase at www.ipmt.net 


go on-line 
and visit our website 


www.oup.co.uk 


+ for full information on all medical books from 
Oxford University Press, including the world- 
famous Oxford Textbooks and Oxford Handbooks, 
an extensive list of medical textbooks, and 
authoritative reference works 


www. oup.co.uk/medicine 


+ join our email information service to receive 
monthly news on new titles in your areas of 
interest 


www.oup.co.uk/medicine/emailnews 


+ buy books on-line 
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Abbreviated version of the International 
summary of product characteristics 


Therapeutic indications* Esmeron is indicated as an adjunct to 
general anesthesia to facilitate tracheal intubation during routine 
and rapid sequence induction,and to provide skeletal muscle 
relaxation during surgery. Esmeron is also indicated as an adjunct 
in the intensive care unit (ICU) to facilitate tracheal intubation and 
mechanical ventilation. Contra-indications: Former anaphylactic 
reactions to rocuronium or to the bromide ion. Special warnings 
and special precautions for use: Since Esmeron causes paralysis of 
the respiratory muscles, ventilatory support is mandatory for 
patients treated with this drug until adequate spontaneous 
respiration is restored. As with all neuromuscular blocking agents, 
it is important to anticipate intubation difficulties, particularly when 
used as part of a rapid sequence induction technique. Although 
very rare, severe anaphylactic reactions to neuromuscular blocking 
agents, including Esmeron, have been reported. These reactions 
have, in some cases, been fatal. Due to the possible severity of 
these reactions, one should always assume that they may occur 
and take the necessary precautions. Dose levels greater than 

0.9 mg rocuronium bromide per kg body weight may increase the 
heart rate; this effect could counteract the bradycardia produced 
by other anesthetic agents or by vagal stimulation. In general, 
following long term use of muscle relaxants in the ICU, prolonged 
paralysis and/or skeletal muscle weakness has been noted. In order 
to help preclude possible prolongation of neuromuscular block 
and/or overdosage it is strongly recommended that neuromuscular 
transmission is monitored throughout the use of muscle relaxants. 
In addition, patients should receive adequate analgesia and 
sedation. Furthermore, muscle relaxants should be titrated to effect 
in the individual patients by or under supervision of experienced 
clinicians who are familiar with their actions and with appropriate 
neuromuscular monitoring techniques. Because Esmeron is always 
used with other agents and because the occurrence of malignant 
hyperthermia during anesthesia is possible, even in the absence of 
known triggering agents, clinicians should be familiar with early 
signs, confirmatory diagnosis and treatment of malignant 
hyperthermia prior to the start of any anesthesia. In animal studies, 
Esmeron was shown not to be a triggering factor for malignant 
hyperthermia. The following conditions may increase the effects of 
Esmeron: Hypokalemia (e.g. after severe vomiting, diarrhea and 
diuretic therapy), hypermagnesemia, hypocalcemia (after massive 
transfusions), hypoproteinemia, dehydration, acidosis, hypercapnia, 
cachexia, Severe electrolyte disturbances, altered blood pH or 
dehydration should therefore be corrected when possible. 

* Therapeutic indications may vary from country to country. 


For full prescribing information see your local package insert. 
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For further information, please contact: 
N.V. Organon, PO Box 20, 5340 BH Oss, The Netherlands, www.organan.com 
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Editorial Notices 








Austrian International Congress and Rudolf Kucher Forum 
2nd International Danube Symposium 


Anaesthesia & Intensive Care: Art or Science? 
September 11-13, 2002 Vienna, Austria 


Print copies of the meeting abstracts have been provided for Conference Delegates only. 
However, the abstracts will be available on-line to all BJA subscribers and are also freely 
available to all visitors to the following website from the date of the meeting 
(http://bja.oupjournals.org). 


Print copies may be ordered from the Journals Subscriptions Department 
(Email: jnls.cust.serve@oup.co.uk; Tel: +44 (0) 1865 353907; Fax: +44 (0) 1865 353485) 
Price £27/US$42 
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and Compact tubing 
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Departments worldwide. We believe that every customer is important. Through « 
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providing an unrivalled level of support locally through our world wide offices. _ 


For a quality service with a personal touch contact your local of 
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Stimuplex® HNS 11 and Stimuplex® 
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nerve stimulators, Stimuplex® needles 
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continuous plexus anaesthesia. 
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Perifix® Soft Tip catheter. i 








Espocan® for combined Spinal-epidural 
anaesthesia. 











Spinocath® ‘over the needle’ design for 
continuous spinal anaesthesia. 








Pencan”, Spinocan® and Atraucan® 
spinal needles. 
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Editorial I 


Confidential enquiries into maternal deaths, 1997-1999" 


The sixteenth of the tnennial audits of the Confidential 
Enquiries into Maternal Deaths (CEMD) was published in 
December 2001,! and examined 378 cases. From 1952 until 
1984, records of maternal mortality were produced separ- 
ately for England and Wales, and Scotland. Since the 
1985-1987 triennial report,” maternal deaths from these 
three countries have been combined and also include 
Northern Ireland, becoming a United Kingdom (UK) report. 

A maternal death is defined by the International 
Classification of Diseases: Manual of the International 
Statistical Classification of Diseases, Injuries and Causes of 
Death (ninth revision, ICD9) as ‘the death of a woman while 
pregnant or within 42 days of termination of pregnancy 
from any cause related to or aggravated by pregnancy or its 
management, but not from accidental or incidental causes’.? 
A further revision* recognized that improved life support 
means that people may survive beyond 42 days after an 
event precipitating death and hence late deaths between 42 
days and 1 yr after abortion, miscarriage, or delivery are 
also included. 

The broad aims of the CEMD are to assess the main 
causes of maternal death, identify any avoidable or 
substandard factors, and inform health care professionals 
of the findings. It hopes that its recommendations will 
reduce maternal mortality and morbidity. A complicating 
factor is that there is no way of knowing how many 
pregnancies occur (indeed a woman herself may not know 
she 1s, or has been, pregnant). Therefore, the surrogate 
marker of maternities is used to estimate pregnancy 
denominator data. A maternity is a pregnancy that results 
in a live birth at any gestation or a stillbirth occurring at or 
after 24 completed weeks’ gestation and is required to be 
registered by law. Therefore, the data are available, and 
should be accurate and consistent between successive 
reports. 

How well have the aims to reduce maternal mortality and 
improve care been met? If we look at the death rates since 
the reports began, it is evident that they have. The overall 
maternal death rate in the 1952-1954 report was 69 deaths 
per~100 000 maternities (England and Wales) compared 
with this report where the rate is 11.4 deaths per 100 000 
maternities (UK). How much the reduced mortality is due to 


other factors than those described in the CEMD—such as 
better nutrition, medical advances, or pressures from other 
sources—is of course not possible to delineate. 

The most marked improvement occurred ın the 1950s and 
1960s and although the improvement has appeared to level 
off, there has been better case ascertainment since 1994. 
Furthermore, it 1s important to appreciate that other factors 
associated with increased mortality are occurring in the 
childbearing population. For example, older mothers make 
up a larger proportion of maternities. In 1975, 6% of 
mothers were over 35 yr; in 1995, 11% were in this age 
category, and in 2000, the proportion was 17%.’ There has 
also been a dramatic increase in the Caesarean section rate 
the proportion of women delivered by this route doubled in 
the 1970s from 4% in 1970 to 9% in 1980, and in the year 
2000 it was 21.3% in England.’ Older women are also more 
likely to be delivered by Caesarean section,’ 

The improvements seen in anaesthesia are similarly 
dramatic. Until 1981, there were between 30 and 50 deaths 
in each triennium ascribed directly to anaesthesia. In the 
1982-1984 triennium this figure was 19 deaths, between 
1985 and 1996 (spanning four triennia and 12 yr), there 
were also 19 deaths. The reductions in mortality are in large 
part due to the recommendations in previous reports 
supported by the Obstetric Anaesthetist’s Association and 
The Royal College of Anaesthetists. 

The aim of the CEMD to disseminate its information 1s 
further enhanced this triennium by encouraging the public- 
ation of individual chapters in relevant specialist journals. 
The authors are grateful to the Editor-in-Chief of the British 
Journal of Anaesthesia for publishing the anaesthesia 
chapter in this issue.” This allows those readers in the UK 
who are not members of the Obstetric Anaesthetists’ 
Association (whose UK members have received a copy of 
the report, another new initiative), and overseas readers to 
be aware of its findings and recommendations. The use of 
case vignettes is a popular feature of the chapters in the 





TA copy of the full report of the Confidence Enquires into Maternal 
Deaths 1997-1999 can be obtained from the Royal College of 
Obstetricians and Gynaecologists bookshop (Tel +44 (0) 207 
7726275, Fax +44 (0) 207 7245991), or from the online bookshop: 
www.Icog.org uk 
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CEMD reports, making for easy reading and understanding 
of the clinical context. The chapter highlights the cases 
where anaesthesia was felt to be the direct cause of death: it 
1s noteworthy that in two of these cases, death was ascribed 
to anaesthetics given after prolonged and complex treatment 
in intensive care. Without the skill displayed in their 
intensive care management, these patients may not have 
survived to require these anaesthetics. The first case of the 
chapter is of particular importance because the final insult 
was the hypotensive effect of oxytocin (Syatocinon), whose 
correct dose and pharmacological effects are apparently 
poorly recognized. Many lessons are to be learned from the 
other cases illustrated, in some of which anaesthetists were 
not actually involved, but should have been. 


The importance of CEMD 1997-1999 


Although all CEMD reports are important, the 1997-1999 
report is possibly one of the most significant to have been 
published to date. For the first time, this report has been able 
to evaluate, more fully, other factors that may have played a 
part in the ‘woman’s death. These findings are of great 
concern, showing the maternal mortality rate among the 
most disadvantaged groups of society was about 20 times 
higher than among women in the highest two social classes. 
Women from ethnic groups other than white were, on 
average, twice as likely to die than women in the white 
group. A large number of these women spake little English. 
There was also a disproportionate number of deaths from 
the traditional travelling community (such as gypsies). 
Alarmingly, 12% of women whose deaths are included in 
the report self-declared to a health care worker during their 
pregnancy that they were subject to violence in the home. 
Other factors associated with an increased risk of death 
include young women under 18 yr, increasing maternal age, 
and increasing parity. Many women were cbese. There also 
appeared to be over-representation of women with multiple 
pregnancies and those who had undergone in vitro fertiliz- 
ation. Although all these findings should be regarded with 
care, because the very small numbers involved mean they 
cannot be proven with statistical rigour, they nevertheless 
provide a unique indicator of the impact that social 
exclusion may have on a woman’s reproductive health. 
This report has also shown that the routine use of national 
guidelines can work. In this triennium, follawing the routine 
introduction and use of guidelines develozed in part as a 
result of findings and recommendations from previous 
CEMD reports, there have been significant decreases in 
deaths from pulmonary embolism and sepsis following 
Caesarean section. In the very few cases where this 
occurred, guidelines do not appear to have been followed. 
Summaries of the major causes of direct maternal deaths for 
the years 1985-1999 are summarized in Figure 1. 
Regrettably, though, women are still dying of potentially 
treatable conditions where the use of simple diagnostic 
guidelines may help identify conditions such as ectopic 
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Fig 1 Death rates by major causes of direct deaths, United Kingdom 
1985-1999 AFE, amniotic fluid embolus. 
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Fig 2 Major causes of maternal death United Kingdom 1997-1999. 
AFE, amniotic flaid embolus. 


pregnancy, sepsis, and other cases of pulmonary embolism. 
The diagnosis of many of these cases was missed in the 
primary care or accident and emergency department setting. 

For the first time, the number of indirect deaths from 
medical conditions exacerbated by pregnancy are greater 
than deaths from conditions that directly arise from 
pregnancy. In part, this increase may be explained by the 
greater number of women with life-threatening medical 
conditions that are exacerbated by pregnancy, such as 
primary pulmonary hypertension and cystic fibrosis, choos- 
ing to become pregnant. Deaths from cardiac disease are the 
joint leading cause with thromboembolism of maternal 
death reported to this enquiry, as shown in Figure 2, and 
continuing deaths from other medical causes including 
conditions such as epilepsy and diabetes also underline the 
need for multidisciplinary antenatal care and plans for 
delivery. 


Psychiatric disorders 
Although the chapter about deaths from psychiatric causes 
was only introduced for the first time in the 1994-1996 
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report, its great social importance ıs reinforced in this 
triennium. Although these deaths are not recognized as 
maternal deaths by the International Classification of 
Diseases, and thus not counted in the overall maternal 
mortality rate for other countries, in the UK psychiatric 
deaths indirectly related to pregnancy are considered to be 
indirect or late indirect maternal deaths. This means they 
receive the attention and recommendations they deserve in 
this report. However, as a consequence, they inflate the UK 
maternal death rate when compared with other countries. In 
this triennium, psychiatric factors were found to be the 
second most common reported cause of maternal death, 
being associated with 12% of maternal deaths, with suicide 
accounting for 10% of maternal deaths. If the unreported 
deaths from suicide in pregnant women obtained from the 
Office of National Statistics are taken into account, suicide 
1s in fact the leading cause of maternal death overall. The 
risk of suicide is 1 per 100 000 maternities. The suicides 
in this group of women are characterized by their 
violent nature, rather than overdose with psychotropic 
medication. 


The chapters relating to deaths from thromboembolism, 
hypertensive disorders, and haemorrhage are of direct 
relevance to anaesthetists. The welcome return of the 
Caesarean section chapter, after its absence in the 
1994-1996 report,” is also pertinent. The chapter on 
intensive care, first introduced in the 1991-1993 report,'° 
is of equal interest. The main findings from these chapters 
are highlighted here. 


Thromboembolism 


The reduction of deaths from thromboembolism from 48 
deaths (1994-1996) to 35 deaths in this triennium is 
gratifying. Of the 17 postpartum deaths from pulmonary 
embolism, 10 followed vaginal delivery. The other seven 
postpartum deaths followed Caesarean section, but in three 
of these cases the operation had been performed in an 
attempt to save the baby after massive antepartum pulmon- 
ary embolism. The reduction in deaths from this cause has 
occurred despite more women being at risk of thrombosis 
because of the rising Caesarean section rate. This improve- 
ment is ascribed to adherence to Royal College of 
Obstetricians and Gynaecologists guidelines on thrombo- 
prophylaxis published in 1995,'' which have more recently 
been updated.'* The recommendation from the 1994-1996 
report,’ is repeated with added emphasis; ‘Wider use of 
thromboprophylaxis (not only after Caesarean section) and 
better investigation of classic symptoms (particularly in 
high risk women) are urgently recommended’. The import- 
ance of risk factors, such as family history of thrombo- 
embolism, obesity, long-term immobilization, and varicose 
veins, is emphasized. 


Hypertensive disorders 


The largest single cause of death among those women with 
pre-eclampsia and eclampsia was intracranial haemorrhage, 
reflecting a failure of antihypertensive treatment. There 
were five deaths after definite or probable eclamptic fits. 
Magnesium sulphate is the anticonvulsant of choice in 
eclampsia,'* '* but its precise role in pre-eclampsia has yet 
to be established with clarity.!° Hopefully, the situation will 
be clearer when the results of the multinational Magpie trial 
are reported in 2002.'° 

The HELLP syndrome, first identified as an entity in 
1982,1" where haemolysis, elevated liver enzymes, and low 
platelets complicate pre-eclampsia, was also responsible for 
five deaths in this triennium. The importance of anticipation 
of problems and multidisciplinary team working ın this 
condition is emphasized. 


Haemorrhage 


The number of direct deaths due to haemorrhage has 
decreased from 9.2 per million maternities ın 1988-1990, to 
3.3 per million maternities. Of the seven deaths in this 
triennium due to antepartum and postpartum haemorrhage, 
three were due to placenta praevia, three to abruption of the 
placenta, and one to postpartum haemorrhage. A vignette 
illustrates the speed with which obstetric haemorrhage can 
become life-threatening where 60 units of blood were given 
in 2 h and 200 units given overall. This case emphasizes the 
need for women known to be at high risk of haemorrhage to 
be delivered at a hospital where blood and laboratory 
facilities, including haematological advice, are instantly 
available. Despite the caveats about the administration of 
Syntocinon earlier in this editorial, ıt is important to stress 
the need for effective oxytocic treatment where the need 
arises, as with atonic postpartum haemorrhage. 


Caesarean section 


One hundred and twenty women in the report were 
delivered by Caesarean section. The limitations of estimat- 
ing fatality rates from Caesarean section are acknowledged. 
The data are observational and death is an amalgamation of 
the risk associated with the disorder for which surgery is 
indicated (such as pre-eclampsia or placenta praevia), and 
the risk associated with the procedure itself (including 
anaesthesia and perioperative care). Nevertheless, it is 
useful to note that if the risk of death from vaginal delivery 
is 1, the relative risk for all Caesarean sections is 4.9. The 
relative risk for elective Caesarean section is 2.3 compared 
with 12.0 when the Caesarean is performed because of 
immediate threat to the life of the mother or fetus. It is also 
pertinent that the relative msk of instrumental vaginal 
delivery is 3.1 compared with spontaneous vaginal delivery 
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Intensive care 


Over 31% of deaths were recorded as requiring intensive 
care. The reasons for admission ranged from a short period 
of attempted resuscitation to up to 90 days intensive care 
and organ support for patients with hypoxic encephalopathy 
or multiple organ failure. The ongoing and possibly 
increasing problem of lack of availability of intensive care 
beds, and the need for transfer to these facilities from 
isolated maternity units, is highlighted. 


The future of CEMD 


Responsibility for the CEMD was transferred to the 
National Institute for Clinical Excellence (NICE) in 2000. 
NICE is reviewing the most appropriate format for this and 
the other confidential enquiries (those into stillbirths and 
deaths in infancy (CESDID, perioperative deaths, and 
homicides and suicides). NICE has proposed that in 2003 
the CEMD will merge with CESDI to form a new Maternal 
And Child Health Confidential Enquiry. This would benefit 
the CEMD, in terms of increased administrative support, as 
this enquiry has always been undertaken on an extremely 
modest budget, representing enormous value for money. 
This is in a large part because of the whole-hearted support 
of the profession, particularly the regional assessors who 
give of their free time to evaluate the individual cases. It is 
vital that the current feeling of ownership of the CEMD is 
retained. Although still going through the consultation 
exercise, it is possible that the future format could include 
comparisons of deaths with near misses. For this to be 
successful, much better information systems than are 
currently available will be needed. It is further hoped to 
include pregnancy-based fields in the Intensive Care 
National Audit Research Centre (CNARC) data set. If 
this is achieved, it would help identify some of the near 
misses. But this is currently done voluntarily by the 
participating intensive care units and is not all-inclusive. 
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Pressure support ventilation and the critically ill patient with muscle weakness 


The case reports by Kannan and colleagues! in this issue of 
British Journal of Anaesthesia serve to highlight that we 
should remain alert for inspiratory triggering failure during 
pressure support ventilation (PSV) in patients with severe 
muscle weakness. Despite improvements in the ability of 
ventilators to respond to the patient’s own breathing pattern, 
inspiratory triggermg failure may also be encountered in 
patients with chronic obstructive airways disease (COAD) 
or acute lung injury, who have high intrinsic positive end- 
expiratory pressure (PEEPI) ın addition to possible muscle 
fatigue. There is also the potential for expiratory triggering 
failure and mismatches in tidal exchange in PSV. 

Used for respiratory support and weaning, PSV has an 
inspiratory phase initiated by muscle effort (Pyus). The 
trigger—depending upon the machine and its options—is 
either the transient airway pressure drop below a set 
threshold, or the ventilator-sensed difference between the 
instantaneous inspiratory and expiratory flows, super- 
imposed upon a base or bias flow commonly set to 10 litre 
min". The flow ‘sensitivity’ setting of 2 litre min’ may be 
considered to be equivalent to a pressure ‘sensitivity’ setting 
of 1 cm H,0.? Whether at a flow sensitivity setting of 1 litre 
min” or at a pressure sensitivity of 1 cm H,O, cardiogenic 
oscillations can result in spurious autotriggering in nearly 
one in five patients,” and even in the brain dead.* In contrast, 
when the trigger setting is less sensitive, triggering may fail 
in the presence of muscle weakness or impaired central 
drive, This could also occur when tracheobronchial secre- 
tions episodically increase the inspiratory resistance. 
Inspiratory triggering may fail in patients with a rapid 
respiratory rate and short expiratory time, and in patients 
with significant intrinsic PEEP and a corresponding delay in 
the fall in airway pressure on expiration. Deviation from the 
one to one response which is a ventilatory response 
following each breathing effort, increases at higher 
ventilatory frequencies and higher levels of pressure support 
and lower levels of patient effort.’ 

A less sensitive trigger setting will also tend to increase 
the work of breathing, although it has been pointed out that 
an inadequate flow rate delivery at the onset of inspiration, 
such as in the Tyco PB7200, was as significant in terms of 
increased respiratory work.® Some newer ventilators incor- 
porate a rise time control to be used in conjunction with 
graphics to ensure rapid attainment of the pressure plateau, 
but if too rapid, over-pressure causes premature cut-out of 
the inspiratory phase.’ 

The tidal volume exchange in PSV 1s independent of 
inspiratory effort at the lowest levels of Pmus and neural 
expiration commences before the mechanical phase cycles 
to expiration.” Should respiratory demand increase, there is 


not invariably an increase in minute ventilation. If the 
patient is able to respond with a muscular effort equivalent 
to 5 cmH,0 (P mus), there 1s no increase in tidal exchange but 
rather an increase in inspiratory flow rate with shortening of 
the mechanical inspiratory phase and an associated increase 
in the work of breathing. At greater levels of Pay, when the 
timing of termination of neural and mechanical inspiration 
coincide, tidal exchange can increase by 50%. It can be 
imagined that satisfactory blood gases obtained during a 
period of high respiratory work may not be sustained either 
during sleep or if fatigue supervenes. Another study on 
patients and with computer simulation by the same team,® 
showed that there is a phase of great instability of tidal 
volume across changes in inspiratory P mus between 3 and 12 
cm H20, becoming more evident the greater the pressure 
support levels were above 10 cm H30. This ıs largely 
related to failed triggered breaths as the fall in ventilator 
breaths matched a paradoxical rise in tidal volume. Whilst 
the actual blood gases were thus simular ın both the PSV and 
proportional assist ventilation (PAV) modes, the tidal 
volume and ventilator rate responses were only consistent 
in the PAV. However, this latter mode would probably 
provide totally inadequate tidal volumes at low levels of 
Pige 

Determinants of the termination of the inspiratory phase 
vary according to the ventilators but typically they are a 
decline in the inspiratory flow rate to a fixed percentage of 
the peak flow rate, ranging between 5 and 25% (Siemens 
Servo900, Bird 8400ST), or to an absolute flow of 5 litre 
min”! (Tyco PB7200). Most ventilators have a back-up 
means of terminating the inspiratory phase such as an over- 
pressure of 1.5 cm H3O, or if the total inspiratory time 
exceeds 3 s or 80% of one breath cycle.” 

Factors which may lead to a lag ın inspiratory to 
expiratory cycling include both patient and circuit charac- 
teristics, such as a leak past the cuff of the tracheal tube. 
Ventilator-related factors are illustrated by the failure of the 
Tyco PB7200 to cycle at the target flow threshold in a 
workbench set-up; cycling was only initiated by over- 
pressure at end-inspiration.” Such an occurrence in patients 
will increase the work of breathing and contribute to an 
unsettled pattern of breathing. A terminal inspiratory 
pressure overshoot is diagnostic of the onset of neural 
expiration, except in the tetraplegic patient lacking 
expiratory muscle activity, in whom a weak inspiratory 
effort will also combine to extend the mechanical 
inspiratory time. 

Being simple to set up, PSV has become widely used for 
the patient with an adequate ventilatory drive who is not so 
ill as to require muscular paralysis and controlled venti- 


373 


Editorial II 


lation, especially as it probably prevents or helps restore 
deconditioned respiratory muscles,'° and the patient does 
not appear to ‘fight’ the ventilator in the same way as with 
synchronized intermittent mandatory ventilation (SIMV). It 
has also been advocated for a faster weaning in comparison 
with SIMV, although a meta-analysis’’ has found spontan- 
eous breathing trials equally effective, suggesting that 
adherence to procedures are as important as the actual 
weaning technique. 

The multi-centre study of Estaban and colleagues," 
enrolled 546 patients of whom a quarter were classed as 
difficult to wean on the first trial of spontaneous breathing. 
After randomizing the latter patients into four groups, the 
median time to wean differed by only a day or two; the two 
trials of spontaneous breathing groups weaned at 3 days 
each, the PSV group at 4 days and the synchronized 
intermittent mandatory ventilation group at 5 days. At 14 
days, there were still between 10 and 20% who had failed to 
wean and no outcome was given for this group of slower 
patients. 

Neurological disorders associated with profound respira- 
tory muscle weakness include the gamut of acute weakness 
syndromes,” '* undiagnosed motor neurone disease," and 
spinal cord injury. In one series, 62% of difficult-to-wean 
patients had neuromuscular abnormalities. There were 
only two or three patients described as ‘neurological’ in 
each of the Estaban sub-groups and their individual progress 
was not documented. It leaves open the question of how best 
to mechanically ventilate and wean a tetraplegic patient, 
who may require weeks or months of respiratory support 
whilst avoiding diaphragm atrophy. 

Diaphragm preservation in tetraplegia varies between the 
patient with only one functioning hemidiaphragm and the 
CS transection patient with innervation of both diaphragms. 
In one study looking at the period of phrenic nerve function 
in 107 artificially ventilated tetraplegic patients, the ‘early’ 
group who never lost diaphragm activity after injury were 
fully weaned from ventilation by graduated ventilator-free 
breathing time after an interval of 37 (25) days mean (sp). 
Peterson and colleagues’? retrospectively studied 42 tetra- 
plegics whose respiratory management alternated between 
the assist/control mode on the ventilator and increasing 
periods of ventilator-free breathing. They found that in these 
patients, without acute lung injury, final assist/control tidal 
volumes greater than 20 ml kg™ were associated with a 
faster mean wean time of 37 as against 58 days, and 
attributed this to better prevention and clearing of atelec- 
tasis. It might, therefore, be prudent if PSV were used to 
include some deeper mandatory volume controlled breaths 
and, if necessary, incorporate a dead space to prevent 
hypocapnia. 

Another reason for a mandatory back-up rate is that 
peripheral muscle fatigue in acute tetraplegia is associated 
with adaptive central fatigue,” which may manifest as 
periodic breathing or sleep apnoea. The tetraplegic patient 
who has lost all intercostal breathing has also lost the ability 


to share the work of breathing between the diaphragm and 
intercostal muscles, a pattern known as respiratory alter- 
nans, which predisposes to fatigue. A raised carbon dioxide 
blood gas tension in neurological patients breathing with 
CPAP or PSV is always indicative of muscle weakness or 
fatigue. Much can be gained by adopting an empirical 
bedside approach in which a value of the ratio of 
independent tidal volume to voluntary vital capacity of 
over 0.4 be predictive of fatigue,’ assuming a degree of 
linearity between the volume and transdiaphragmatic pres- 
sure responses. 

Sub-clinical and clinical muscle fatigue may be identified 
by the spectral shift in the EMG, but this technique is not 
widely available and the techniques of phrenic nerve 
stimulation, transdiaphragmatic and mouth occlusion pres- 
sures’ are all relatively difficult. There is, however, a 
strong case to undertake more systematic electrophysiolo- 
gical studies of peripheral nerve and muscle in intensive 
care patients, in view of the finding that three-quarters of 
those with proven axonal polyneuropathy had diaphrag- 
matic impairment, with reduction of the compound dia- 
phragm action potential or increased latency of phrenic 
nerve conduction.” 

In the clinical situation, it may be difficult to separate out 
the effect of central drive, peripheral fatigue, and simple 
muscle weakness whether in COAD or in neurological 
disease. Fluoroscopy of the diaphragm may be helpful, and 
the sniff test is reliable in pure tetraplegia as there 1s no 
paradoxical relaxation of the abdominal musculature on 
inspiration. Ultrasound examination may be more conveni- 
ent but should be tempered by its limitations in visualizing 
the left hemidiaphragm and the possibility of false readings 
due to relative movements between the probe and abdom- 
inal wall.” 

However, bedside neurological examination supple- 
mented by regular spirometry of both tidal volume and 
vital capacity remains central to clinical appraisal of 
progress in weak patients. These measurements are integral 
to the technique of weaning by graduated ventilator-free 
breathing, with the prescribed rate of increase in ventilator- 
free time being adapted to the patient accordingly. In a slow 
wean, the patient benefits psychologically from his per- 
ceived active participation in the wean programme. Cuff 
deflation is also beneficial for clearance of mucus and for 
speech, all of which contribute to the success of this 
technique, even compared with the more widely known 
PSV. 
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Impaired explicit memory after recovery from propofol/sufentanil 
anaesthesia is related to changes in the midlatency auditory 
evoked response 
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Background. Midlatency auditory evoked responses (MLA=R) can distinguish different stages 
of anaesthesia. We studied MLAER during emergence from propofol/sufentanil anaesthesia in 
relation to recovery of explicit memory. 


Methods. MLAER were recorded in 29 healthy patients before and during anaesthesia and 
during emergence until the patients opened their eyes spontaneously. After a structured 
interview the next day, patients were classified into those with and without explicit memory of 
the recovery period. Latencles Na, Pa and Nb and the peak-to-peak amplitudes NaPa and PaNb 
were compared between the groups by multivariate analysis of variance. Results are mean (SD). 


Results. At eye opening (37 (12) min after the end of anaesthesia) the latency Nb (47 (5) 
compared with 41 (5) ms; P<0.001) was prolonged and the amplitude PaNb (1.3 (0.8) 
compared with | (0.5) ms; P=0.012) was greater than the baseline value, respectively. The Nb 
latency was significantly shorter in patients with explicit memory (49 (2) ms compared with 45 
(1); P=0.041). 


Conclusions. Large intra- and inter-individual variability In the MLAER values limited their 
ability to predict memory responses in individual patients during emergence from propofol/ 


sufentanil anaesthesia. 
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Measurement of anaesthetic effects on the brain can assist 
more precise dosage and reduce side-effects. Values 
measured from the spontaneous electroencephalogram 
(EEG), such as the bispectral index, or from the evoked 
EEG, such as auditory evoked responses, may indicate 
anaesthetic effects during anaesthesia.’ Auditory evoked 
responses (AER) are derived by averaging the EEG after 
repeated short auditory stimuli, which gives a highly 
reproducible sequence of waveforms. The brain stem 
auditory evoked responses (BAER) change little with 
anaesthetics? The waveforms following the BAER 
components, the midlatency auditory evoked responses 


(MLAER), are more sensitive to anaesthetics, with charac- 
teristic changes in latencies and amplitudes.° 

Several studies suggest that the MLAER can distinguish 
different states of consciousness. Davies and colleagues 
found consistent changes in MLAER latencies during 
repeated transitions from unconsciousness to consciousness 
during sedation with propofol in combination with spinal 
anaesthesia.* A threshold value of the MLAER latency Nb 
of 53 ms discriminated between the presence and the 
absence of an eyelash reflex with a sensitivity of 100% anda 
specificity of 96% during propofol sedation before surgery.” 
MLAER waveforms may indicate the ability to form 
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implicit memories.® An increase of the Pa latency of <12 ms 
distinguished ‘patients with and without implicit memory 
after operation, with a sensitivity of 100% and a specificity 
of 77%. 

We found that explicit memory performance in early 
recovery could be distinguished in patients waking up from 
isoflurane/nitrous oxide anaesthesia, using changes in the 
median nerve somatosensory evoked response (MnSSER) to 
indicate recovery of explicit memory.’ The present study 
was designed to measure MLAER and explicit memory 
during recovery from propofol/sufentanil anaesthesia. We 
wished to compare the MLAER waveforms between 
patients with and without explicit memory for this time. 


Methods 


Patients 


We studied 29 patients (18 males, 11 females; mean age 40 
(18-61) yr, height 1.76 (0.10) m, weight 76 (12) kg; ASA 
HID, scheduled for elective eye surgery lasting ~1 h, after 
approval from the local ethics committee and with written 
informed consent. We excluded patients with neurological 
diseases or hearing abnormalities, patients receiving cen- 
trally acting drugs, and those who had an ASA grade >I. 


Anaesthesia and recovery 


The patients received midazolam 7.5 mg p.o. for premedi- 
cation 45 min before anaesthesia. After induction of 
anaesthesia with propofol 2 mg kg, sufentanil 0.4 ug 
kg! and vecuronium 0.1 mg kg™, the trachea was intubated 
and anaesthesia maintained with propofol 8 mg kg! h'. 
The inspired oxygen concentration was 0.3. Additional 
doses of sufentanil 0.2 ug kg’ were given when needed. At 
the end of surgery and after recording the MLAER, the 
propofol infusion was stopped. One hundred per cent 
oxygen was given using a fresh gas flow at 3 litre min” and 
the patients were extubated when breathing was adequate. 
After the extubation the patients received oxygen via a face 
mask. 


Auditory evoked responses 


MLAER recordings were made in a standard manner with 
an Evomatic 4000® system (Dantec, Copenhagen, 
Denmark). After defining the individual hearing threshold, 
a stimulus intensity of ~70 dB above this threshold was 
chosen and kept constant throughout the whole study. A 
random click to both ears via headphones was used. The 
stimulus frequency was 8 Hz. The MLAER waveforms were 
recorded on two amplifier channels using cup electrodes 
(zinc/lead) placed over Cz (international 10-20 system) and 
both mastoid bones. Impedances were kept below 5 kQ. A 
bandpass of 0.02—2 kHz was used and 2000 stimuli were 
averaged for each response and stored on- disk for later 


analysis. MLAER were analysed for 90 ms after the 
stimulus. During anaesthesia and recovery, a period of 
180 ms post-stimulus was measured to detect excessive 
prolongation of the waveforms. The peak latencies of the 
brainstem component, V, of the two negative MLAER 
components, Na and Nb, and the positive peak Pa between 
were measured with a software package (EvoPC®; Müller, 
Hamburg, Germany). Peak-to-peak amplitudes NaPa and 
PaNb were measured. 


Measurements 


The patients were shown the procedure of MLAER 
recording on the day before surgery, and baseline values 
were obtained (Awake). Duplicate baseline recordings were 
performed. After surgery had finished, MLAER were 
recorded during steady-state propofol anaesthesia 
(Anaesth), and every 5-10 min during emergence from 
anaesthesia. Since the duration of recovery from anaesthesia 
varied from patient to patient, clinically comparable stages 
were defined for comparison of the MLAER components. 
Pre-EXT was defined as the last MLAER recording before 


‘ extubation, Post-EXT as the first recording after extubation 


when the patients opened their eyes on command, and 
Recovery when the patients opened their eyes spontan- 
eously and could state the name of an object shown to them. 


Clinical measurements 


We noted heart rate (beats min’), non-invasive mean 
arterial pressure (mm Hg), percutaneous oxygen saturation 
(%) and body temperature when MLAER were recorded. 
End tidal carbon dioxide partial pressure (PE’co,) was 
measured during and after anaesthesia, and we noted the 
duration of anaesthesia, the time of extubation and the time 
of recovery. 


Assessment of memory 


When the patients had regained consciousness and opened 
their eyes spontaneously, they were asked to name precisely 
an object shown to them. A red booklet was opened and 
closed in front of them and they were asked to keep this 
booklet in mind. On the day after surgery a structured 
interview was used to assess the patients’ memory of the 
immediate recovery period. A broad variety of questions 
were posed. The relevant questions are listed in Table 1. 
According to their responses the patients were classified into 
a group without recall (No-MEM) and a group with explicit 
recall for the immediate recovery period (MEM). 


Table 1 Structured interview 24 h after anaesthesia 





What was the first thing you remembered after waking up from anaesthesia? 
Do you remember anything being shown to you when you woke up? 

Do you remember whether you heard clicks? 

Were you asked to remember anything durmg the tıme that you recovered? 
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Statistics 


Latencies and peak-to-peak amplitudes NaPa and PaNb 
were calculated. The distribution of data was tested with the 
Koimogorov—Smirnov test. The changes in the MLAER 
data were analysed using multivariate analysis of variance 
(ANOVA; Hotellings T-square; repeated measurement de- 
sign) if the data were normally distributed. If the distribution 
was not normal, the data were analysed by non-parametric 
tests (Friedman test). All five measurements were included 
in a multivariate analysis giving a full two-factor-within 
design (three latencies X five time points). For descriptive 
purposes, a posteriori paired t-tests were used to compare 
MLAER components. We tested for correlation between the 
MLAER components, and the clinical measurements. 

Inter-group comparisons for the MLAER components 
were made using multivariate ANOVA for repeated meas- 
urements (Hotelling’s T-square) using Awake, Anaesth and 
Recovery values. Univariate comparisons were also made 
for the MLAER components at Awake, Anaesth and 
Recovery. The Wilcoxon test was used if a normal 
distribution was not present. P<0.05 was taken to represent 
significance for all statistical tests. 


Results 
Clinical findings and patient characteristics 


Values are given as mean (SD). The surgical procedure 
lasted for 57 (26) min, and the total time of anaesthesia was 
97 (28) min. Extubation was done 21 (9) min after the 
propofol infusion was stopped. The patients were able to 
identify the object shown to them 37 (13) min after the 
propofol infusion was stopped. Clinical measurements are 
listed in Table 2. The heart rate decreased during Anaesth 
and Pre-EXT compared with Awake, and the mean arterial 
blood pressure (MAP) decreased during Anaesth. Oxygen 
saturation, PE’co, and body temperature showed minor 
changes. 

Two patients were not interviewed the day after surgery 
because they. had been discharged. They were excluded 
from further analysis. Thirteen patients had explicit memory 
of the immediate recovery period, either recalling the shown 
object or the click stimulation of AER recording. Three of 
these patients recalled extubation. Fourteen patients did not 
remember anything of the study procedure. There was no 
difference in the characteristics or clinical measurements 


between these two memory groups. The dose of sufentanil, 
the duration of anaesthesia,-the time to extubation and the 
duration of recovery showed no differences. 


MLAER parameter during emergence from 
anaesthesia 


The brainstem component V, which serves as a reference for 
an artefact-free recording, was identified in all patients 
when awake. The postauricular reflex was seen in some but 
not all of the patients, and the amplitudes could be seen to 
differ markedly. After this there were two negative and one 
positive waves of the MLAER in all patients except in two: 
one did not show the component Nb, and the other did not 
show the components Pa and Nb. 

The assumption of a normal distribution for the MLAER 
latencies was supported by the Kolmogorov—Smirnov test. 
The amplitude NaPa was not normally distributed, so the 
amplitudes were analysed by non-parametric tests (the 
Friedman and Wilcoxon tests). Multivariate analysis 
showed a significant difference for the latency components 
comparing the different measurements (P<0.001). 
Moreover, a significant interaction between latency 
component and amplitude measurement indicated that the 
effect was more pronounced the longer the latency of the 
component (P<0.01). The absolute values of the MLAER 
latencies are shown in Figure 1. There were significant 
differences in the amplitudes NaPa and PaNb at the different 


MLAER latencies (ms) 


8 6 6 8 B 





Awake Anaesth Pre-EXT Post-EXT Recovery 


Fig 1 Means (sp) of MLAER latency components Na, Pa and Nb during 
the different measurements: awake, dunng  propofol/sufentanl 
anaesthesia, before extubation, after extubation and at recovery *P<0.05 
vs awake 


Table 2 Clinical measurements Means (SD) of measurements when awake, duning propofol anaesthesia, before extubation, after extubation and at recovery. 
MAP=mean arterial pressure, SO>=pulse oximeter reading, PE’co,=end tidal carbon dioxide partial pressure Temperature was measured rectally 


Awake Anaesth 
Heart rate (beats min`’) 68 (13) 62 (11) 
MAP (mm Hg) 93 (11) 86 (12) 
Soz (%) 98 (1) 99 (1) 
Peco, (mm Hg) 35 (3) 
Temperature (°C) 36.5 (0.4) 36 4 (0.3) 


Pre-EXT Post-EXT Recovery 
59 (9) 69 (12) 68 (11) 
90 (11) 100 (14) 96 (12) 
99 (1) 99 (1) 99 (1) 

36 (3) 43 (6) 41.2 (5) 
36 4 (0.3) 36.3 (0 3) 36 4 (0.4) 
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Table 3 MLAER latencies and amplitudes Data are means (SD) at awake, during propofol anaesthesia, before extubation, after extubation and at recovery 


*P<0.05 vs awake 


Awake Anaesth 
Latency Na (ms) 17 2 (0.3) 213 (06)* 
Latency Pa (ms) 30 1 (0.6) 40 4 (09)* 
Latency Nb (ms) 41.4 (10) 65.9 (1.9)* 
Amplitude NaPa (HV) 3.0 (06) 05 @.1* 
Amplitude PaNb (uV} 1.0 (0 1) 0.4 (0 1)* 


times (P<0.001). The absolute values for the peak-to-peak 
amplitudes are listed in Table 3. 

The brainstem component V was seen during Anaesth 
with propofol in all patients. Compared with the awake 
measurements, the MLAER latencies were prolonged 
(P<0.001) and the amplitudes diminished (P<0.001). In 
three patients the component Nb was completely sup- 
pressed, and Pa was suppressed in one of these. These 
changes gradually reversed during recovery. Measurements 
were made before extubation in 26 patients. The latencies 
remained prolonged compared with awake (P<0.05), but 
decreased significantly compared with anaesthesia 
(P<0.001). The amplitudes of NaPa and PaNb increased 
significantly in comparison to anaesthesia, but NaPa 
remained reduced compared with awake (P<0.001). 

After extubation MLAER were recorded in 20 patients, 
when the patients became responsive and opened their eyes 
at command. The latencies Na and Pa and the amplitudes 
regained baseline levels, but the latency Nb remained 
prolonged in comparison to before anaesthesia (P=0.001). 
When the patients opened their eyes spontaneously, 
MLAER components were seen in all patients again, except 
Pa, and Pa and Nb in the patients who did not have these 
components before anaesthesia. The latency Nb remained 
prolonged in comparison to preoperative measurement 
(P<0.001). The amplitude PaNb exceeded the baseline 
value (P<0.05). 


MLAER measurements and memory 


There was no difference between MLAER values before 
surgery between patients who later had explicit recall 
(n=13) and those who did not (n=14). The time of 
anaesthesia, time to extubation, duration of recovery and 
the dose of sufentanil were not different between the groups. 
At Recovery, in contrast, the latency of Nb was significantly 
less in the patients with explicit memory compared with the 
patients without (49.3 (1.8) ms vs 44.9 (1.3); P=0.041). The 
other MLAER components did not differ. Figure 2 shows 
two original AER traces at Awake and Recovery: one from a 
patient without and one with explicit memory. The 
individual Nb latencies at Awake and Recovery for the 
two memory groups are shown in Figure 3. Eleven data 
points only are shown for the group MEM, because two 


Pre-EXT Post-EXT Recovery 
18 8 (0 3)* 177 (04) 177 (03) 
32 4 (0 6)* 31.4 (0.5) 313 (06) 
537 (13)* 48 6 (1 0)* 473 (10)* 
13 (03)* 24 (06) 31006) 
10(01) 1.4 (01) 13 (02)* 


A 
(1) 
rent aera] er (it) 
(in) 
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~10 0 90 ms 
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Fig 2 AER tracings of two patients The brain stem component V and the 
three midlatency components are indicated The upper traces (A) show 
the AER of a female patient who did not remember recovery. The lower 
traces (B) show the AER of a male patient who had explicit memory 
The different measurements are (1) awake, (u) during propofol/sufentanil 
anaesthesia after surgery, and (1) when the patients opened their eyes 
spontaneously. Vertical lines indicate the Nb latencies EEG-Montage 
Cz vs linked mastoid, binaural click stimulation 


patients in that group did not have an Nb component during 
Awake and Recovery. 
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Latency Nb (ms) 


Awake Recovery 


Recovery 


Fig 3 The individual Nb latencies are undicated at awake and at recovery, 
when the patients opened their eyes after anaesthesia. The patients of the 
group No-MEM did not remember recovery, while the patients of the 
_ group MEM had explicit recall 


Discussion 
We found graded changes of MLAER during emergence 
from anaesthesia. The anaesthetic-induced changes in the 
MLAER recovered when the patients regained conscious- 
ness and were able to identify an object correctly. The 
persistent increase in the latency Nb indicated impaired 
processing of auditory signals 38 min after anaesthesia with 
propofol/sufentanil. The latency of Nb was shorter in the 
patients who had explicit recall compared with patients 
without explicit memory. 

These findings support previous reports that BAER and 
MLAER show a decrease in the amplitudes and an increase 
in latencies during anaesthesia.” 5? BAER and MLAER 
were measured during increments of anaesthesia with 
propofol.'° In contrast to the BAER, the MLAER were 
affected markedly by propofol (7 mg kg’ h™’), and latencies 
and peaks could not be measured. This is in contrast to the 
present study, where Nb was completely suppressed in three 
. patients and Pa was suppressed in one patient only. 
Depression of MLAER is in part reversed during surgical 
stimulation, which could explain these different results.!! 1? 

Tooley and colleagues used MLAER changes to establish 
a dose response curve using propofol as a sole agent in 
_ patiénts without surgical stimulation. A cut-off value of 53 
: ms for the Nb latency had a sensitivity of 100% and a 
specificity of 96% as a discriminator of eyelash response vs 
no’ response. Concentrations >6 ug ml? attenuated the 
auditory response to an extent that made it difficult to 
determine the components. Care was needed to obtain AER 


` in awake-patients without premedication, because muscle _ 


artefact affected the signal. Coherent averaging gave the 
most reliable estimate of the AER. In the present study we 
recorded MLAER the day before surgery to familiarize the 
patients with the procedure, and repetitive stimulation 
reduced the effect of muscle artefact. We could not obtain 
MLAER during and immediately after extubation because 
of muscle artefact. During recovery the averaging time was 
sometimes prolonged because artefacts were present. 





Coherent averaging might have improved the extraction of 
MLAER during recovery. The mean latency of Nb was ~54 
ms, when the patients were tolerating the tracheal tube 
immediately before extubation. It decreased to ~48 ms after 
extubation, when the patients opened their eyes at com- 
mand, which supports the observations of Tooley and 
colleagues." Our study does not indicate a clear threshold 
because of the large inter-individual overlap in the Nb data. 
Muscle artefacts during recovery could affect visual inter- 
pretation of the components. However, large inter-individ- 
ual differences in the MLAER components have been 
described ın the awake state, and MLAER are rarely used to 
diagnose hearing problems.® 1? 

In a previous study we recorded median nerve somato- 
sensory-evoked responses during emergence from anaes- 
thesia.’ When the patients identified an object shown to 
them when waking from anaesthesia, the amplitude P25N35 
exceeded the awake value. In the present study the 
amplitude PaNb was greater than the awake values. These 
changes may reflect an effect of cortical arousal by surgery, 
but several factors may contribute to the results. The 
patients had received midazolam-for premedication and 
sufentanil intraoperatively. 

In contrast to the increase in amplitudes, a persistent 
delay in the latency Nb was found to be present when the 
patients had regained consciousness, which could be related 
to explicit memory performance. In previous studies with 
median nerve somatosensory-evoked responses we found 
that midlatency MnSSER components were prolonged and 
correlated with explicit memory.’'* The cortical 
components of evoked responses, >30 ms post-stimulus, 
are more sensitive to residual anaesthetics than the earlier 
components and need more time to recover, irrespective of 
the stimuletion mode. These indicate impairment of more 
complex cognitive processing such as implicit or explicit 
memory processing. The coherent frequency of the AER 
could be related to categorical memory tests during 
isoflurane administration.'* During sedation with propofol, 
memory performance correlates more strongly with changes 
in AER amplitude P3 than with the drug concentration.!° 
However, AER components may‘ not reliably indicate 
memory during different states of consciousness.’” 
Irrespective of the significant group effects, our results 
suggest a low predictive value because the inter-individual 
variation of Nb latency is considerable. 

Computer-assisted measurements of the AER, such as the 
AER index or use of moving averaging techniques, have 
been developed.’® 19 During recovery from an induction 
dose of propofol, concentration-related effects on the AER 
index were found, but a threshold was found in seven of 22 
patients.” The AER index returned to awake levels only 
when the patients had already developed clinical signs of 
arousal. In 10 female patients anaesthetized with propofol 
and nitrous oxide, there was no difference between the 
awake AER index and the values when the patients opened 
their eyes at command.”’ Further studies are needed to show 
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if the predictive value of the MLAER is improved by 
computer-assisted techniques. As Thornton states: "A brain 
signal recorded at one point ın time will not necessarily 
predict future behaviour accurately if events or treatments 
which occur in the period between the two time points can 
influence behaviour" ? 
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Effect of propofol anaesthesia on the event-related potential 
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Background. Studies on the effects of anaesthesia on event-related potentials and long latency 
auditory-evoked potentials (AEP) are sparse. Both provide Information on cortical processing 
and may have potential as monitors of awareness. We studied the effect of propofol on the 
event-related potential mismatch negativity (MMN) and the long-latency AEP NI. 


Methods. Twenty-one patients received | ug mI”! stepped increases in the target concentra- 
tion of propofol using Diprifusor™ until a maximum of 6 ug mI”! was achieved or the patient 
had lost consciousness. Neurophysiological responses (MMN and N!) and the patients’ level of 
consciousness were recorded before the administration of propofol and at a target effector 
site concentration of propofol of I, 2, 3, 4, and 6 ug mI”'. Grand average evoked potentials 
were computed at baseline, before the administration of propofol (A); at the highest propofol 
concentration at which each patient was responsive (B); and at the concentration of propofol 
at which the patient became unconscious (C). 


Results. Patients lost consclousness at different target concentrations of propofol, all being 
unresponsive by 4 ug mI'. The response to the deviant stimuli used to elicit duration-shift 
MMN was significantly more negative than to the standard stimuli at A (mean difference 2.58 
pV, P=0.0011) but this difference was virtually abolished at point B, before the patients lost 
consciousness (mean difference 0.63 uV, P=ns). The amplitude of NI evoked by standard 
stimuli was negative compared with electrical baseline at both point A (mean amplitude 
-3.81 uV, P<0.001) and at point B (mean amplitude —2.2 uY, P=0.002), but was no longer 
significantly different to baseline at point C (mean amplitude 0.51 uY, P=ns). The change in the 
mean amplitude of NI from last awake (point B) to first unconscious (point C) was also 
significant (mean difference in amplitude 1.69 uY, P=0.02). 


Conclusions. MMN is unlikely to be a clinically useful tool to detect awareness in surgical 
patients. In contrast, the loss of NI may identify the transition from consciousness to uncon- 
sciousness and deserves further study. 
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As the sense of hearing has been reported to be the last to be 
lost and the first to be recovered during the induction of 
anaesthesia and the return of consciousness,’ it is not 
surprising that the auditory-evoked potential (AEP) has 
been investigated as a potential monitor of the depth 


of anaesthesia. Most studies have concentrated on the 
middle latency (ML)AEP. The midlatency components are 
quantified in terms of their latency and amplitude or a 
ratiometric index.7> The MLAEP are ‘exogenous’ evoked 
potentials components as their features are determined 
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mainly by the physical nature of the evoking stimulus. 
Therefore, whilst their presence establishes the integrity of 
the afferent auditory pathway they may not necessarily 
provide information on perceptual processing in the cerebral 
cortex or the capacity to lay down memory of the auditory 
experience, both of which would be important in a method 
for determining awareness during anaesthesia. 

The long latency components (>80 ms) of the AEP 
(LLAEP) including P1, N1, P2, N2, and P3 are more 
sensitive to the psychological state of the subject. These 
‘endogenous’ components are thought to reflect activity in 
areas of the cerebral cortex that are involved in the 
perceptual and cognitive processing of the auditory signal 
and have an established role in the study of human 
cognition. They are best observed when a longer stimulus 
is used such as a tone burst of 80-100 ms duration. As they 
are generated by areas of cortex at and beyond the primary 
projection area, they may be better indicators of the effect of 
anaesthetic agents on mental state than MLAEP. 

The N1 component of the LLAEP is not a single 


phenomenon but a summation of electrical activity from a ' 


number of anatomically and functionally discrete gener- 
ators.’ These can be distinguished in terms of their scalp 
distribution, their sensitivity to the physical properties of the 
stimulus (frequency and duration) and the subject’s atten- 
tion to it. However, subcomponents of the N1 potential are 
independent of attention? and this is clearly a prerequisite 
for a neurophysiological monitor of awareness. 

Mismatch negativity (MMN) is an automatic response to 
changes in auditory input, generated primarily in auditory 
areas of the temporal cortex.? If a series of identical 
‘standard’ tones is used to evoke N1, an infrequent ‘deviant’ 
tone (one differing in frequency, duration, loudness, or some 
other physical property from the ‘standard’) evokes an 
additional negative potential that overlaps and extends 
beyond the negativity of N1 itself. The response is almost 
unaffected by the subject’s attention to the evoking 
stimulus. Näätänen and Lyytinen!’ postulated that MMN 
correlates with the laying down of echoic memory and that 
it serves to identify stimuli to which conscious attention 
should be directed. As it is not generated in the primary 
auditory cortex, but beyond in the auditory and probably 
frontal association cortex, it may identify the capacity of 
cerebral cortex to mediate mental activity. Indeed, the 
presence of MMN has been shown to be a sensitive 
predictor of the return of consciousness in patients with 
traumatic head injury.'’ There are no studies on the effects 
of anaesthesia on MMN. The presence of MMN may 
identify auditory awareness and the capacity to lay down 
auditory memories during anaesthesia. 

The present study was, therefore, carried out to observe 
how N1 and MMN changed with a decreasing level of 
consciousness achieved by stepped increases in effector site 
concentration of propofol, and to determine if either 
measure had potential as a monitor of awareness during 
anaesthesia. 


Patients and methods 


We studied 21 ASA I or II unpremedicated patients aged 
between 31 and 65 yr who were to undergo elective general 
surgical procedures under general anaesthesia. The hospital 
ethics committee approved the study, and written informed 
consent was obtained from each patient. All subjects were 
free from neurological or otological disease. The study was 
carried out in the anaesthetic room before the start of the 
surgical procedure. The patients’ arterial pressure, electro- 
cardiogram, and peripheral oxygen saturation were moni- 
tored non-invasively. All patients received supplemental 
oxygen via a Hudson facemask at 4 litre min“. 

The only drug administered for the duration of this study 
was propofol which was infused using a target-controlled 
infusion (TCI) system (Diprifusor™ TCI, Zeneca Ltd, 
Cheshire, UK).'* The TCI system consists of a micro- 
processor-driven infusion pump that adjusts the infusion 
rate to achieve the desired target concentration of propofol 
as predicted by a three-compartment pharmacokinetic 
model.!? The model assumes immediate mixing in blood 
and takes no account of the delay required to achieve drug 
equilibration in the brain. Thus, a delay occurs between the 
time the TCI system indicates that a target concentration has 
been achieved and the maximum pharmacodynamic effect. 
Using a computer simulation model of the pharmacokinetic 
variables, it was assumed that 5 min would be sufficient to 
achieve steady-state conditions between the blood and 
effector site compartments, and that after this period there 
would be minimal change in the clinical effect of the 
propofol. 

After a baseline recording of the EEG and MMN had 
been made, the TCI pump was started and set to achieve a 
target blood concentration of 1 pg mI” and, after a period of 
5 min for equilibration, EEG and MMN recordings were 
repeated. The level of consciousness was assessed at the end 
of the 5-min equilibration period and again after the 
recordings had been taken. The patients were deemed to 
be unconscious and unaware if they no longer obeyed 
commands and the eyelash reflex was absent. The procedure 
of infusion, equilibration, neurophysiological data collec- 
tion, and assessment of consciousness was repeated at target 
blood concentrations of propofol of 2, 3, 4, and 6 ug mI, 
The study was stopped if the mean arterial pressure was 
reduced by more than 20% of the baseline value. Only when 
all the required recordings had been made were further 
drugs administered and the airway manipulated to allow the 
planned surgical procedure to begin. 


Neurophysiology 

The EEG was recorded from 10 scalp electrodes (F3, Fz, F4, 
C3, C4; Al, A2, P3, P4, and Cz) referred to a nose electrode, 
with a time constant of 1.2 s and a high-frequency filter at 
70 Hz. The recordings were subsequently referenced to 
averaged mastoids ((A1+A2)/2). The signals were amplified 
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by a Nihon Koden 7300F EEG machine and digitized at 
1000 Hz and 12-bit resolution. Responses to deviants and 
standards were averaged separately over epochs of 512 ms 
until responses to 32 deviants had been collected. 
Frequency-shift MMN was evoked using 990 Hz standard 
tones and 500 Hz deviants, each with a duration of 84 ms. 
Duration-shift MMN was evoked with 700 Hz tones, the 
standards lasting 75 ms and deviants 25 ms. Fifteen per cent 
of stimuli were deviants, 85% standards. All stimuli were 
presented at an intensity of 60 dB nl and with an inter- 
stimulus interval of 750 ms. 

To observe the neurophysiological changes associated 
with the transition from consciousness to unconsciousness 
we calculated grand averages of the N1 and MMN responses 
(duration-shift and frequency-shift) in each patient at the 
following times: 

1. A, baseline, before administration of propofol; 

2. B, at the target concentration of propofol each patient 
was last conscious; 

3. C, at the target concentration at which they were first 
unconscious. 


Statistical methods 

MMN corresponds to a period of greater negativity in the 
response to the deviant than the standard stimuli in the 
period following N1. To assess whether MMN was reliably 
present, the difference in the mean voltage of the responses 
to standards and deviants was assessed using paired 
Student’s t-tests. The period for analysis was chosen by 
inspection of the grand average responses recorded before 
the administration of propofol, which is at stage A. This 
showed that frequency-shift MMN was present during the 
period 100-250 ms after the stimulus and 140-250 ms in the 
case of duration-shift MMN. The onset of duration-shift 
MMN is later than that of frequency-shift MMN because 
detection of the deviant cannot begin until the (longer) tone 
has ended. 

To determine whether the amplitude of N1 itself differed 
significantly from electrical baseline, the mean voltage of 
the response to standards in the period 90-135 ms after the 
stimulus was assessed using paired Student’s t-tests. The 
period was selected because it spans the peak of N1 in the 
grand average recorded before the administration of 
propofol. 


Results 


Propofol dose and level of consciousness 


Patients lost consciousness at different target concentrations 
of propofol. Eight patients became unresponsive for the first 
time at 2 pg ml“, 11 at 3 ug mI, and two at 4 ug mI. In 
no patient was there a change in level of consciousness 
between the end of the equilibration period and the next 
increase in the dose of propofol. Thus, the target blood 


concentration of propofol did not accurately predict the 
point at which consciousness was lost. 


MMN 


The changes in duration-shift MMN recorded from elec- 
trode Fz with respect to mastoids at times A, B, and C are 
shown in Figure 1. In the baseline recording, before the 
administration of propofol, the response to the deviants was 
significantly more negative than that to standards (mean 
difference=2.58 uV; standard error (SE) of the difference 
0.68 uV; P=0.0011). At the target concentration of propofol 
at which the subjects were last aware, duration-shift MMN 
was already virtually abolished, that is its amplitude was no 
longer significantly different from zero (0.63 uV; SE=0.64 
pV; P=ns). Once the subjects became unconscious, the 
response to deviants became more positive than that to 
standards though the difference did not reach significance. 
The amplitude of the MMN when the subjects were last 
aware did not differ significantly from its amplitude when 
they were first unconscious (mean difference 2.1 pV; 
se=1.11; P=ns). 

Frequency-shift evoked a MMN, which, as expected, 
began slightly earlier than that to duration-shift. Figure 2 
shows the MMN to frequency-shift recorded from electrode 
Fz with respect to mastoids at three levels of consciousness. 
In the baseline recording, the response to the deviants was 
significantly more negative than that to the standards (mean 
difference=2.31 uV; SE=0.73 uV; P=0.005). Frequency- 
shift evoked a MMN that was still present in the last 
recording made while the subjects were last conscious 
(mean difference=1.38 pV; SE=0.56 uV; P=0.02). The 
response to the deviants remained more negative than that to 
standards after loss of consciousness but the difference was 
no longer significant. The variance in the amplitude of the 
MMN increased considerably with the onset of uncon- 
sciousness. Although its amplitude was lower than when the 
subjects were last conscious, the difference between the two 
conditions was not significant (mean difference=0.84 uV; 
SE=3.11; P=ns). 


NI 


N1 is the peak in the response to the standard tones. For 
example, the 700 Hz 75 ms tones, used as standards to evoke 
the duration-shift MMN, evoke an N1 potential that has a 
latency of approximately 110 ms (Fig. 3). In the baseline 
recording, N1 had a mean amplitude of —3.81 LV (signifi- 
cantly above baseline: sE=0.54 uV; P<0.0001) in the 
latency window 90-135 ms. Figure 3 also shows a 
systematic decrease in the mean amplitude of N1 with 
increasing target blood concentrations of propofol. The 
amplitude of N1 was still negative with respect to baseline 
at 2 ug mI! (1.5 pV; sE=0.69 uV; P=0.044) but the trace 
‘became significantly more positive than baseline during the 
same period at 3 pg mI. 
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Fig 1 The mean amplitude of duration-shift MMN 140-250 ms after the stimuli at different levels of consciousness. (Left) Grand average waveforms 
The thin limes are responses to standard stimuh, thick lines responses to deviant stimuli (Right) Mean amplitude of MMN with sE A=at baseline, 
B=at the highest target concentration at which patients were last conscious, and C=at target concentration at which consciousness was first lost. 
*Responses to deviant stimuli significantly more negative than responses to standards. 
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Fig 2 The mean amplitude of frequency-shift MMN 100-250 ms after the stumul: at different levels of consciousness Caption as Figure | 


The mean amplitude of N1 at the highest concentration of electrical baseline (SE=0.65 uV; P=0.002). Once subjects 
propofol at which subjects were still conscious fell to were unconscious, the mean amplitude dropped to —0.51 HV 
-2.2 uV (Fig. 4) but this remained significantly above the a value not significantly different from zero (SE=0.42 LV, 
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Fig 3 The mean amplitude of N1 90-135 ms after standard sumuh (75 ms duration 700 Hz), at increasing predicted blood concentrations of propofol. 
+Responses whose amplitudes are significantly different from the electrical baseline 
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Fig 4 The amplitude of N1 90-135 ms after standard stimul: at different levels of consciousness. Caption as Figure 3 


P=ns). The change in the mean amplitude of N1 from last 
awake to first unconscious was significant (mean difference 
1.69 LV; SE=0.50 uV; P=0.02). 

The N1, in response to the 900 Hz tones, used as 
standards to evoke the frequency-shift MMN showed 
similar changes in mean amplitude with the level of 
consciousness. The mean amplitude of N1 at baseline was 


-4.3 uV in the period between 90 and 135 ms after the 
stimulus. Although it was reduced to —1.8 uV at the 
concentration of propofol when patients were last con- 
scious, this was still significantly different from zero 
(SE=0.52 uV; P=0.003). Once consciousness was lost, the 
mean amplitude of the signal in the 90-135 ms window 
became positive at +1.1 HV but not significantly different 
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from zero (t=1.97, P=ns). The variance in the amplitude of 
N1 did not increase during the same period as it did for 
MMN. The change in N1 amplitude from last awake to 
unconsciousness was significant (mean difference=2.9 LV; 
SE=0.71 pV; P=0.001). 


Discussion 

In this study we showed that both duration-shift and 
frequency-shift MMN were abolished by concentrations of 
propofol insufficient to produce unconsciousness. There 
were several patients in whom a clear MMN could not be 
elicited despite them being conscious and obeying com- 
mands. The variability of the frequency-shift MMN wave- 
form after loss of consciousness would make it difficult to 
determine if it is present or absent in individual patients. 
Though the variability of the waveforms was somewhat less 
in the response to duration-shift, the MMN evoked by this 
form of stimulation was abolished before consciousness was 
lost. MMN, as recorded in this investigation, does not 
appear to discriminate the level of consciousness as we 
hypothesized on the basis of its role in cognitive processing. 
No tests of implicit or explicit learning or memory were 
used in this study, but it has been repeatedly documented 
that patients who are lightly anaesthetized can obey 
commands yet have no explicit memory of the event.!4}> 
If MMN is representative of short-term auditory echoic 
memory, then one could reasonably expect it to be present if 
explicit memory is being laid down. It is possible that the 
concentration of propofol at which MMN disappears is that 
at which the ability to lay down explicit or implicit auditory 
memory is lost, as opposed to that at which consciousness is 
lost. While the relationship between MMN and the forma- 
tion of long-term memory has not been studied, the 
disappearance of MMN before loss of consciousness 
would be in accord with the dissociation between awareness 
and the ability to establish memories. Clearly this hypoth- 
esis would require further study. 

The technical problems in recording MMN in individual 
patients also need to be addressed. Several factors contrib- 
ute to.the variability in the MMN responses. To evoke 
MMN it is necessary to use deviant stimuli that are, by 
definition, relatively infrequent. If recordings are to be 
clinically useful they must be made in the shortest possible 
time to enable changing levels of awareness to be detected. 
Almost 3 min were required to accumulate 32 epochs into 
the average response to deviants. An average containing so 
few responses may still be affected by noise induced from 
equipment in the theatre environment and the increases in 
amplitude of the background EEG as anaesthesia is induced. 
Increasing the number of responses to deviant stimuli would 
allow better resolution of the MMN response but at the cost 
of increasing the time required between recordings to a 
clinically unacceptable extent. Furthermore, since this study 
began, there have been preliminary reports of test-retest 
variation in serial recordings of MMN.’°'7 These indicate 


that MMN may occasionally be unrecordable even in 
awake, unanaesthetized subjects. Although the factors 
responsible for this have not been determined, the finding 
casts further doubt on the value of MMN as a monitor of 
depth of anaesthesia. 

In contrast, N1 evoked by the standard stimuli was less 
vulnerable to these sources of variance because many more 
responses were included in the average (approximately 
200). This component stayed significantly above baseline 
while the patients remained conscious with both the 990 Hz 
84 ms (used to evoke frequency-shift MMN) and the 700 Hz 
75 ms standard tone bursts (used for duration-shift MMN). 
Once consciousness was lost, the waveform evoked by the 
700 Hz tones fell to baseline in the period occupied 
previously by the N1 and became positive in response to 900 
Hz tones. This is in keeping with the findings of previous 
reports of the effect of anaesthesia on N1. However, in these 
studies the induction of anaesthesia was by a rapid bolus of 
i.v. anaesthetic agent and the transition period from 
consciousness to unconsciousness was not studied in 
detail.'*-?° In the present study, slowly increasing the 
depth of anaesthesia using the TCI system enabled us to see 
how N1 varied with predicted blood propofol concentration 
and the level of consciousness. 

It may be argued that a longer period of equilibration than 
that chosen for this study is required to achieve a steady- 


‘ state concentration of propofol at the effector site compart- 


ment.”! Therefore, it is possible that the concentration of 
propofol may have continued to increase from the end of the 
equilibration period to the end of data collection and may 
have had some effect on the neurophysiological variables 
being measured. While this is possible, the effects on our 
results should be minimal for two reasons. First, as we were 
using only 3- to 4-min epochs of data and the sequence of 
recordings was the same at each concentration of propofol, 
then the effect should have been consistent on each of the 
variables measured. Secondly, and more importantly, there 
was no change in the level of consciousness between the end 
of the equilibration period and the end of data collection in 
any patient. The study was primarily concerned with 
neurophysiological changes occurring at the transition 
from consciousness to unconsciousness, and not the correl- 
ation of neurophysiological variables to the predicted 
plasma concentration of anaesthetic agent. However, in 
the light of our findings it would be prudent if in future 
studies the time period for equilibration were increased and 
the incremental increase in the target concentration of 
propofol reduced to 0.2 or 0.5 pg ml? increments, 
particularly in the range where consciousness is lost, that 
is 2-4 pg mI’. 

The mean amplitude of N1 was a more sensitive predictor 
of the transition from consciousness to unconsciousness 
than was the predicted blood concentration of propofol. This 
is not surprising given the inter-individual pharmacokinetic 
and haemodynamic variability that will markedly affect 
each patient’s response to propofol and the fact that the 
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Diprifusor™ system has been shown to have a median 
performance error of 16%, even if allowed to equilibrate.” 
The later part of these waveforms becomes increasingly 
positive with reducing levels of consciousness. This 
phenomenon can be observed in the recordings of long 
latency event-related potentials published by previous 
investigators. ?” Although the waveforms are different 
from those which occur during normal consciousness, they 
indicate that some form of stimulus-related activity is still 
taking place in the cerebral cortex at these levels of 
anaesthesia. We hope to investigate the reproducibility and 
significance of this phenomenon in future studies. 

Our study may be criticized for studying mean values as 
opposed to individual patient data. The study was designed 
to investigate the effect of loss of consciousness on the 
selected neurophysiological variables recorded and to that 
end multiple variables were studied for short periods only 
and grand averages compared. As we believe that in N1 we 
have identified a possibly useful neurophysiological marker 
of the transition from consciousness to unconsciousness, 
future studies of this variable should collect data over longer 
periods and compare changes ın individual patients. 

In conclusion, we have shown that the event-related 
potential MMN is not a robust measure of loss of 
consciousness and have postulated that it may represent 
the loss of ability to lay down auditory memory. We also 
demonstrated that the disappearance of the LLAEP N1 
identifies the transition from consciousness to unconscious- 
ness and warrants further investigation of its suitability of a 
monitor of depth of anaesthesia. 
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Background. The laser-Doppler skin vasomotor reflex (SVmR) caused by tetanic stimulation 
of the ulnar nerve may be a test that can predict the haemodynamic response to tracheal 
intubation. A decrease in pulse wave amplitude (pulse wave reflex, PWR) may be an alternative 
index of this response. We compared the abilities of PWR and SVmR to predict the 
haemodynamic response to tracheal intubation and studied how alfentanil, muscle relaxation, 
stimulation site and stimulation pattern affected the two reflexes. 


Methods. Anaesthesia was Induced and maintained with 2% sevoflurane and 50% nitrous 
oxide in two groups of [0 ASA status | patients. Tetanic stimuli were applied to the flexor 
muscles of the forearm and the ulnar nerve before and after administration of vecuronium. The 
change in skin blood flow (laser-Doppler) and pulse wave amplitude (pulse oximetry) after a 5 
and 10s stimulation was measured on the opposite hand. If skin blood flow (laser-Doppler) 
decreased by more than 10%, a computer-controlled infusion of alfentanil was started and the 
target plasma concentration was increased in steps until this response was suppressed (<10%). 
The trachea was intubated and arterial pressure and heart rate responses were recorded. 
Plasma alfentanil concentration was measured. 


Results. When PWR and SVmR were suppressed, the haemodynamic response to tracheal 
Intubation was reduced In 100 and 53% of patients respectively. PWR and SVmR responses 
decreased with Increasing plasma alfentanil concentration. The SYmR response to muscle 
stimulation was reduced by muscle relaxants. The pulse wave response to both muscle and 
neural stimulation was reduced by relaxants. The responses to 5 and 10s stimulations were 
similar. 


Conclusion. An absent SYmR does not predict a blunted arterial pressure or heart rate 
response to tracheal intubation. The PWR may be a better predictor. 
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Changes in arterial pressure or heart rate caused by painful 
stimulation may be harmful in patients with cardiovascular 
disease. Tracheal intubation is a powerful noxious stimu- 
lus. A 50% greater anaesthetic concentration is needed to 
suppress movement after intubation than after skin 
incision.” * The mimmal alveolar concentration required 
to suppress the haemodynamic response to skin incision 


(MAC bar) is 1.3 ttmes MAC.” Variation in anaesthetic drug 
requirement between patients means that haemodynamic 
responses to tracheal intubation and skin incision may be 
insufficiently reduced. A small painful stimulus and an 
appropriate method of assessing the response to this 
stimulus would be useful for assessing the haemodynamic 
reactivity of an individual patient to a greater stimulus. 
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Shimoda and co-workers® suggested that cutaneous 
vasoconstriction after electrical tetanic stimulation of the 
ulnar nerve (skin vasomotor reflex, SVmR) could predict the 
arterial pressure response to tracheal intubation. After 
suppressing the skin vasomotor reflex with sevoflurane, 
they observed a much reduced arterial pressure response to 
tracheal intubation.® They used a 3 s, 40 mA, 50 Hz 
electrical stimulation of the ulnar nerve,° which was 
different from the stimulus used by Zbinden and co-workers 
(10 s, 60 mA, 50 Hz to the forearm muscles). The effect of 
opioids and neuromuscular blockade on these responses was 
not assessed and the responses to muscle and neural 
stimulation were not compared. 

Measurement of skin blood flow with laser-Doppler 
flowmetry is expensive and not used routinely in clinical 
practice. The amplitude of the pulse oximeter wave could be 
an alternative index of-vascular tone’ and correlates with the 
laser-Doppler signal. We considered the possibility that 
measurement of pulse oximeter amplitude, which is widely 
available, might be as useful as the laser-Doppler method to 
indicate vasoconstriction. We measured the pulse wave 
reflex (PWR) as the minimal pulse wave amplitude after a 
painful stimulus divided by the mean pulse wave amplitude 
before the stimulus. 

We set out to confirm that SVmR could predict a reduced 
haemodynamic response to tracheal intubation. We used an 
opioid instead of sevoflurane and assessed the PWR as a 
predictor of the haemodynamic response to intubation. We 
also assessed the effect of plasma alfentanil concentration 
and compared the effects of muscle relaxation and the 
effects of muscle and ulnar nerve stimulation on the two 
reflex responses. 


Patients and methods 


Patients 


After approval by the local ethics committee and after 
written informed consent, we studied two groups of 10 ASA 
physical status I patients having elective surgery under 
general anaesthesia. We excluded patients who could not 
give informed consent, those receiving treatment that could 
affect MAC (e.g. sedative or tricyclic antidepressant drugs) 
and patients with a difficult airway. 


Study plan 


Patients were given omeprazole 40 mg (Antra®; Astra- 
Zeneca, Zug, Switzerland) on the evening before the study. 
In the operating theatre, standard monitoring devices were 
applied (Datex AS3 Compact, Datex-Ohmeda; Instrument- 
arium Corporation, Helsinki, Finland), a venous cannula 
was inserted in the non-dominant arm, and patency of the 
ulnar artery of both arms was assessed with Allen’s test. On 
the non-dominant hand, an angled laser-Doppler flowmeter 
probe (PF 404; Perimed, Järfälla, Sweden) was placed on 


the fourth finger, a pulse-oximeter probe on the third finger 
and a skin temperature probe on the palm. The patient was 
then covered with a warming blanket (Bair Hugger; 
Augustine Medical, MN, USA). When the laser-Doppler 
signal was stable, the patients were asked to perform a brisk 
inspiration (inspiratory gasp), which should cause a short- 
lasting skin vasoconstriction.” Patients without this reaction 
were excluded from the study as this indicates abnormal 
vasomotor function.’ 


First study 

Anaesthesia was induced in the first group of 10 patients by 
vital capacity inhalation of 7 vol% sevoflurane in nitrous 
oxide/oxygen (ratio 1:1), and the end-tidal sevoflurane and 
nitrous oxide concentrations were kept at 2 and 50 vol% 
respectively. The patients were ventilated by facemask and 
the end-tidal carbon dioxide concentration was maintained 
between 35 and 45 mm Hg throughout the study. A 20-G 
radial arterial cannula was inserted in the non-dominant 
arm. A temperature probe was placed in the rectum. 

Skin electrodes for electrical stimulation were placed 
along a line between a point 1 cm ulnar to the mid-point of 
the cubital fold (point A) and a point 1.5 cm ulnar to the 
mid-point of the first wrist fold (point B). The muscle 
electrodes were attached 5 and 13 cm distal to A? and the 
ulnar nerve electrodes 15 and 23 cm distal to A.° A 5 s, 60 
mA, 50 Hz, 0.25 ms square-wave electrical stimulus!° was 
applied by a Digitimer DS 7 constant current stimulator with 
a Digitrmer DG2 trigger generator (Digitimer, Welwyn 
Garden City, Hertfordshire, UK) and a timer device 
(constructed in our laboratory). The positive pole of the 
stimulator was attached proximally. The tetanic stimulation 
was always applied first to the muscles and then to the ulnar 
nerve. After 10 min of equilibration, the first tetanic 
stimulation was applied. The second stimulation followed 
3-5 mun after vecuronium 0.1 mg kg” i.v., when at least 
three of the four twitches of the train-of-four were , 
suppressed. Muscle relaxation was maintained at this level 
by further doses of vecuronium (0.02 mg i.v.) until the study 
was completed. If a positive laser-Doppler skin vasomotor 
reflex SVmR was present on ulnar nerve stimulation, an 
infusion of alfentanil was started to give a target plasma 
concentration of 25 ng ml’. A Harvard 22 infusion pump 
(Harvard Apparatus, South Natick, MA, USA) was con- 
trolled by an IBM-compatible laptop computer running the 
Stanpump program (S. L. Shafer, Anesthesiology Service 
(112A), PAVAMC, Palo Alto, CA, USA) using pharmaco- 
kinetic parameters for alfentanil.'' After each positive 
SVmkR, the alfentanil target concentration was increased by 
25 ng ml” and the stimulations were repeated. As soon as 
the laser-Doppler SVmR was negative (for definition see 
below), tracheal intubation was performed by an experi- 
enced anaesthetist. The haemodynamic response to tracheal 
intubation was determined off-line from the heart rate 
computed from the ECG and the arterial pressure values 
(Datex AS3 compact, Datex-Ohmeda) recorded on a 
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personal computer every 10 s (Labview version 5.0; 
National Instruments Corporation; Austin, TX, USA). An 
arterial pressure increase of more than 25 mm Hg and a 
heart rate increase of more than 25 beats min? were 
considered relevant. The mean arterial pressure and heart 
rate in the 120 s before intubation were used as reference. 
The duration of the procedure from the insertion of the 
laryngoscope to the inflation of the cuff and the view of the 
vocal cords according to Cormack and Lehane’? were 
recorded. 

Before each stimulation and before intubation, arterial 
blood samples were taken to measure plasma alfentanil 
concentration. Arterial blood gas measurements were made 
before the first tetanic stimulation and before intubation. 
Ten minutes after tracheal intubation, data acquisition was 
stopped and anaesthesia continued according to clinical 
routine. 


Second study 

The second group of 10 patients took part in this study. A 
10 s, 60 mA, 50 Hz, 0.25 ms square-wave electrical impulse 
was used. The target concentration of alfentanil was initially 
50 ng mi and was increased in steps of 50 ng ml”. In all 
other aspects the plan was as in the first study. 


Laser-Doppler SVmR 


Blood flow in the finger was measured continuously with a 
laser-Doppler flow system (Periflux 4001; Perimed). The 
time constant of the flowmeter output amplifier was set to 
0.02 s. The raw signal of the laser-Doppler was digitized at 
128 Hz (A/D conversion card; National Instruments 
Corporation) and stored on a computer, and was also 
displayed during the study (arbitrary perfusion units 
according to the manufacturer’s specifications). The laser- 
Doppler system was calibrated with a standard suspension 
of 2 mm latex spheres provided by the manufacturer 
(Perimed). 

The mean laser-Doppler flow (perfusion units) was 
calculated at intervals of 1 s from the digitized raw signal. 
The skin vasomotor reflex amplitude (SVmR) was defined 
according to the equation 


SVmR=1-(b/a) (1) 


where a is the mean laser-Doppler flow during the 120 s 
before stimulation and b is the minimal laser-Doppler flow 
after stimulation plus the standard deviation of a. The reflex 
was calculated for every stimulation according to the 
monitor readings and was considered absent if SVmR was 
0.1 or less (i.e. the blood flow decreased by 10% or less; 
modified from Shimoda and colleagues).° 


Pulse wave reflex 


The pulse wave of the pulse oximeter (Datex AS3 Compact, 
Datex-Ohmeda) was scaled in arbitrary units from —100 to 


+100 and digitized at 128 Hz, like the laser-Doppler signal. 
The beat-to-beat amplitude of the pulse wave was measured 
off-line using software developed in our laboratory. The 
PWR was computed in the same way using equation (1), 
with the laser-Doppler flow replaced by the pulse wave 
amplitude. 


Alfentanil plasma concentrations and performance 
of the target-controlled infusion 


Blood samples for alfentanil measurement were immedi- 
ately centrifuged at 3500 g for 30 min and the plasma was 
stored at —26°C. Alfentanil plasma concentration was 
measured by gas chromatography—mass spectrometry’? 
with a detection limit of 0.04 ng mI~!. We found coefficients 
of variation of 2.2, 2.5 and 4.7% at concentrations of 200, 50 
and 5 ng ml” respectively for measurements made on the 
same day. Between days we found coefficients of variation 
of 4.2, 6.8 and 7.5% respectively. Fentanyl was used as 
internal standard. 


Data analysis and statistics 


The characteristics of the two groups were compared using - 
Fisher’s exact test and the Wilcoxon rank test as appropri- 
ate. Values are given as medians (first and third quartiles) or 
as mean (SD) if normally distributed. 


Anaesthetic drug concentrations 

From the measured alfentanil plasma concentrations of each 
subject, the prediction error of the pharmacokinetic model 
was calculated: 





= (2) 


where C,, is the measured concentration and C, is the 
predicted plasma alfentanil concentration. The median 
prediction error (MDPE; a measure of bias) and the median 
absolute prediction error (MDAPE=median IPE!; a measure 
of accuracy) were computed for each individual. 
Subsequently, the means of the MDPE (MDPE) and the 
MDAPE (MDAPE) were calculated for the groups. 

The mean end-tidal sevoflurane and nitrous oxide con- 
centrations for the period from 60 s before to 60 s after each 
stimulation were determined for each subject. Subsequently, 
the mean coefficients of variation of the sevoflurane and 
nitrous oxide concentrations were determined for the study 
population. 


Prediction of response to tracheal intubation 

The responses to the last ulnar nerve stimulation before 
tracheal intubation were analysed to estimate the probability 
of reduced arterial pressure and heart rate response to 
tracheal intubation if the laser-Doppler SVmR and the PWR 
were absent, i.e. the negative predictive value of these tests. 
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Effect of stimulation pattern on the reflex responses 

The responses to stimulation before alfentanil administra- 
tion in the first and second studies were compared 
(Mann-Whitney rank sum test) to detect a difference 
between the 5 and 10 s stimulations, considering muscle 
and ulnar nerve stimulation separately. As there was no 
difference between these responses, the results of the two 
studies were pooled for further analysis. 


Effect of plasma alfentanil concentration on the reflex 
responses 

The data were fitted to a non-linear regression model 
relating the laser-Doppler SVmR and PWR values to the 
corresponding measured plasma alfentanil concentrations 
according to the equation 


(3) 


where y is the reflex (either PWR or SVmR) at plasma 
alfentanil concentration x, yg is the reflex at zero alfentanil 
and a is the regression coefficient. The inter-individual 
variation of the estimated parameters (yọ and a) was 
modelled with an additive error model. 


P=Pry+n, (4) 


where P, is the parameter of the ith individual, Pry is the 
typical parameter value of the population, and 1, is the 
random inter-individual variation of the parameter (with 
mean 0 and variance 7). 

The residual error of the predicted effect including intra- 
individual variation!> was also assumed to be additive: 


E =Erv:+£; (5) 


where E, is the effect in the ith individual at the jth 
measurement, Ery, the typical effect value for the ith 
individual and ç the residual variation of the effect at the jth 
measurement (with mean 0 and variance 07). 

This non-linear mixed-effects model was implemented in 
Fortran pseudocode for use with the non-linear mixed- 
effects modelling program NONMEM.'° The NONMEM 


y=yoxe 


objective function was minus twice the logarithm of the 
likelihood (-2LL). The objective function was minimized to 
obtain the best estimation of the parameters of the structural 
model, yp and a, and the related parameters of the error 
models, n and £. The two parameters of the structural model 
were considered significant if the 95% confidence interval 
of the estimates did not include zero. The significance of 
each of the structural and error parameters was tested with 
the likelihood ratio test. A difference in the minimal value 
of the objective function between the reduced and the full 
model exceeding 3.841 was considered significant (P<0.05). 
If the minimal value of the objective function did not differ 
significantly between the full and the reduced model, a 
parameter was eliminated from the model. 


Effect of muscle relaxation and stimulation site on the reflex 
responses 
A signed rank test was used to test for differences between 
neural and muscle stimulation (using the responses to 
stimuli before neuromuscular block) and to compare the 
responses to neural and muscle stimuli before and after 
injection of the muscle relaxant. 

The statistical analysis, except for NONMEM, was 
performed with Sigmastat version 2.0 (Jandel Scientific 
Corporation, San Rafael, CA, USA). P<0.05 was taken as 


significant. 


Results 


Patients 


Ten ASA I patients were enrolled in each of the two studies. 
The characteristics of the patients are summarized in 
Table 1. Except for a slight but significantly greater age of 
the patients in the second study, the two groups of patients 
were similar. All patients had a vasoconstriction response to 
inspiration. After induction of anaesthesia with sevoflurane, 
there was an increase in laser-Doppler flow (median (first 
and third quartiles)) in the finger from 34 (24, 96) to 193 


Table 1 Charactenstics of the study population *Laryngoscopy grading according to Cormack and Lehane '? No patient had a Mallampati or laryngoscopy 


score of more than 2. Type of surgery other than ENT. ‘orthopaedic, abdominal 





Study 1 (5 s stimulation) 





Study 2 (10 s stimulation) 





(n=10) (n=190) 
Gender (male/female) 6/4 7B 
Age (yr) mean (range) 25 (20-37) 33 (21-51) 
Weight (kg) mean (SD) Rap 73 (12) 
Height (cm) mean (sD) 174 (8) 172 (8) 
Mallampati score 1, 2 8,2 5,5 
Laryngoscopy score 1, 2* 4,6 8,2 
Duration of intubation (s): mean (SD) 16 0 (4.1) 16.8 (5.7) 
Type of surgery ENT, other 8, 2t 8, 27 
Arterial PCO (mm Hg): mean (SD) 42 (5) 40 (9) 
Body temperature (°C): mean (SD) 36.6 (0 7) 36.6 (0 27) 
Skin temperature at strmulation (°C): mean (SD) 360 (07) 357 (0 8) 
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Fig 1 Measured and target plasma alfentanil concentrations at umes of 
stunulation. The solid lines represent the subjects of study 1, with one 
filled circle for each pair of stimuli (nerve and muscle) The dashed lines 
represent the subjects of study 2, with one open square for each pair of 
stimuli. The last filled circle or open square of each line represents 
tracheal intubation. The dotted line ıs the hne of equality. 


(157, 245) perfusion units and in pulse wave amplitude 
(arbitrary units) from 2.0 (1.5, 2.6) to 8.5 (4.6, 10.1) (signed 
rank test, P<0.001). Finger temperature (mean (SD)) 
increased from 34.9 (1.8)°C at the start to 36.2 (0.9)°C at 
the end of the study procedure (signed rank test, P<0.001). 


Anaesthetic drug concentrations 


After equilibration, the end-tidal concentrations of nitrous 
oxide and sevoflurane were 49.02 (1.87) and 1.99 (0.07) 
vol% respectively. The mean (range) coefficients of van- 
ation of the end-tidal concentration of nitrous oxide and 
sevoflurane were 2 (0.2-7) and 0.5 (0.1-5)% respectively. 
The MDPE, representing the bias of the alfentanil target- 
controlled infusion, and the MDAPE, representing its 
accuracy, were 7.6 and 17.7% respectively. Thus, the 
capacity of the selected pharmacokinetic parameters to 
predict plasma concentrations ın our study population was 
comparable to that in a previous study (Fig. 1).*! 


Prediction of the haemodynamic reaction to tracheal 
intubation by PWR and SVmR 


The PWR before intubation was suppressed in seven of the 
20 patients, whereas the laser-Doppler SVmR was sup- 
pressed in 19 of the 20 patients. One patient was intubated 
even though the SVmR remained positive at an alfentanil 
target concentration of 250 ng ml” as further prolongation 
of anaesthesia for the study was not appropriate. In the nine 
patients with a negative laser-Doppler SVmR but a positive 
PWR, the systolic arterial pressure is increased by more than 
25 mmHg and the heart rate by more than 25 beats min” 
after tracheal intubation. Three of these were in the first and 
six in the second group of patients. This corresponds to a 
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Fig 2 (A) The laser-Doppler skin vasomotor reflex (SVmR) and (B) the 
pulse wave reflex (PWR) related to the responses of systolic arterial 
pressure and heart rate to tracheal intubation For SVmR and PWR a 
value below 0.1 was defined as no response (vertical dotted line) A 
systolic arterial pressure or heart rate increase at intubation was 
considered relevant if greater than 25 mm Hg or 25 beats min’ 
respectively (horizontal dotted line) 


negative predictive value of 53% for laser-Doppler SVmR 
and 100% for the PWR (Fig. 2). The positive predictive 
value of the PWR was 69%. 

In seven of the nine patients with a false-negative SVmR, 
the SVmR was already negative before the alfentanil 
infusion was started. Intubation was therefore done with 
50 vol% nitrous oxide and 2 vol% sevoflurane. In the 
remaining two subjects a response occurred when the 
measured plasma alfentanil concentration was 98 and 
81 ng mI’ respectively. Only one patient with an absent 
laser-Doppler SVmR during inhalation anaesthesia (2 vol% 
sevoflurane and 50 vol% nitrous oxide) had no response to 
intubation. í 


393 


Luginbihl et al. 





1.05 

ns ns ns ns 
® ° 

penn e 

£ a 

á 2 ‘ 

6 0.64 . 

x 

iS 

> 

a 

x 

2 

e 

iam 





5 a2 g £2 
3s #3 fs f 
Gs GF ga gf 
a> 3 Ls & 


Fig 3 Laser-Doppler skin vasomotor reflex (SVmR) and pulse wave 
reflex (PWR) induced after tetanic stumulation of the ulnar nerve and of 
the flexor muscles of the forearm, before neuromuscular blockade and 
without opioids. The shaded bars represent 5 s stimuli and the open bars 
10 s stimuli. Error bars represent 10th and 90th percentiles and points 
represent the Sth and the 95th percentiles. 


Effects of stimulus pattern, alfentanil concentration, 
muscle relaxation and site of stimulation 


The SVmR and PWR responses after 5 and 10 s stimuli 
given before alfentanil were similar (Fig. 3). The systolic 
arterial pressure increases after 5 and 10 s stimuli were 13.3 
(6.6) mm Hg (range 0-23) and 19.2 (12.1) mm Hg (range 
5.2-39) respectively (not significant). 

The non-linear mixed effects model indicated a signifi- 
cant exponential decrease in both SVmR and PWR with 
increasing plasma alfentanil concentration (Fig. 4). The 
alfentanil effect was significant with ulnar nerve stimulation 
for both SVmR and PWR, whereas with muscle stimulation 
it was only significant for PWR. There was no significant 
difference between the slope parameters of PWR with ulnar 
nerve and muscle stimulation. The inter-individual error 
parameter Myo of the baseline reflex (yo) (equation (4)) 
showed considerable inter-individual variability, but the 
error parameter Na of the regression coefficient a did not. 
The parameter 1), therefore did not improve the fit and was 
excluded from the final model (Table 2). 

Vecuronium (0.1 mg kg”) reduced the laser-Doppler 
SVmR with direct muscle stimulation but not ulnar nerve 
stimulation, whereas the PWR was attenuated regardless of 
the stimulation site (Fig. 5). Neuromuscular blockade 
reduced the PWR after muscle stimulation more than after 
ulnar nerve stimulation (P=0.04). 

Muscle or ulnar nerve stimulation of either duration given 
before administration of neuromuscular blocking drugs 
induced a similar SVmR and PWR (Fig. 5). After admin- 
istration of vecuronium, however, the SVmR was signifi- 


cantly less after muscle than after ulnar nerve stimulation, 
whereas PWR remained similar after stimulation at either 
site. 


Discussion 

In contrast to a previous study,° we found that the laser- 
Doppler SVmR does not reliably predict a relevant 
haemodynamic response to intubation. However, the PWR 
after electrical stimulation of the ulnar nerve predicted a 
haemodynamic response more reliably. Neuromuscular 
block attenuated but did not suppress the PWR after both 
muscle and ulnar nerve stimulation, whereas it attenuated 
the laser-Doppler SVmR after muscle stimulation. 

A test of analgesia in the anaesthetized patient may help 
prevent unexpected haemodynamic reactions to severe 
stimuli. It would supplement anaesthetic depth monitors, 
such as the bispectral index and auditory evoked potential 
monitors,!’ }® which indicate the hypnotic state. Although 
both SVmR and PWR were suppressed by alfentanil, the 
prediction of no response to tracheal intubation was poor 
with SVmR and good with PWR. The PWR, which could be 
easily measured clinically, could be a good alternative to the 
expensive and rarely available laser-Doppler (SVmR) 
technique. The cut-off value of 0.1 that has been suggested 
for SVmR,° and which was also used for PWR in the present 
study, needs to be validated in a larger study. í 

From knowledge of the value for MAC intubation of 
sevoflurane in adults!’ and the relationship between MAC 
and MAC bar,’ the responses after tracheal intubation found 
in patients not given alfentanil are unsurprising. They 
support the fact that haemodynamic responses to painful 
stimulation are not suppressed by volatile anaesthetics 
alone.’ 

Because the response to tracheal intubation was badly 
predicted by laser-Doppler SVmR, we decided to increase 
the stimulus applied after the first 10 patients had been 
studied. The stronger stimulation did not affect the predict- 
ive value of the SVmR, however, and the responses (SVmR 
and PWR) were similar for the two stimulation patterns. 
Although the two patient groups were not randomized, they 
did not differ except for slightly greater age in the second 
group. If the same concentrations of sevoflurane and nitrous 
oxide are given to subjects of different age, the expected 
effect would be greater in the older subjects.”° In fact, the 
haemodynamic responses to tracheal intubation, but not the 
SVmR or PWR response, were significantly greater in the 
older subjects. 

The ulnar nerve is the preferred site of stimulation to 
cause vasoconstriction. During neuromuscular blockade, 
PWR was inversely correlated with the measured alfentanil 
concentration regardless of the site of stimulation. 
Neuromuscular blockade did not suppress the PWR 
response a great deal and did not reduce its capacity to 
predict the response to tracheal intubation. 
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Fig 4 The laser-Doppler skin vasomotor reflex (SVmR, A and B) and pulse wave reflex (PWR, C and D) recorded after ulnar nerve (A, €) and forearm 
muscle (B, D) sumulation related to the corresponding measured alfentanil plasma concentrations Data points from the same subyect are linked by 
dashed lines. The straight hne indicates the best non-linear regression fit determined with NONMEM (Table 2) 


Differences between our study and the previous study® 
might partly explain the lower predictive value of laser- 
Doppler SVmR in our study. Shimoda and co-workers® 
carried out laryngoscopy and intubation 3-5 min after i.v. 
induction of anaesthesia in premedicated patients, but we 
stimulated our patients during pharmacological steady-state 
conditions. We applied the first stimulus a mean (range) of 
22 (21-29) min after inhalation induction and intubated 
50 min (30-83) after induction. To prevent hypothermia, 
our patients were actively heated during the study, which 
increased skin temperature and induced vasodilation, shown 
by an increase in laser-Doppler flow and pulse wave 
amplitude before stimulation. Despite this vasodilation, 
tracheal intubation decreased pulse wave amplitude and 
finger blood flow (laser-Doppler). The decrease in pulse 
wave amplitude caused by tracheal intubation was correl- 
ated with the analgesic drug concentration, but the change in 
skin blood flow was not (data not shown). Because the 
SVmkR ın response to nerve stimulation was negative in nine 


patients, they were intubated without alfentanil administra- 
tion first. The increase in arterial pressure after tracheal 
intubation in these patients could have increased the 
superficial skin blood flow in the fingers and thus reduced 
SVmkR, because the vasodilation induced by sevoflurane and 
skin warming may have prevented the transient skin 
vasoconstriction induced by intubation. In the 11 patients 
given alfentanil, however, the SVmR was not suppressed 
and the decrease in skin blood flow was still found. 
Considering the whole study population, neither PWR nor 
SVmR was correlated with the skin temperature, so heating 
and sevoflurane may have suppressed skin vasomotor 
reactions (laser-Doppler) only in some patients. PWR was 
not affected by temperature, which suggests it is a better 
measure than SVmR. 

The laser-Doppler probe measures the microvascular 
blood flow in a small area of the fingertip to a depth of a few 
millimetres. The pulse oximeter probe, in contrast, measures 
the changing blood volume in the whole fingertip. Finger 
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Table 2 PWR and SVmR and measured plasma alfentanil concentration 
{non-linear regression analysis). yg=baseline reflex before the start of 
alfentanil] admunistration but after neuromuscular blockade, a=non-linear 
regression coefficient, o° =sp of the reflex in an individual subject 
(residual and intra-individual error), ~2LL=minimum value of NONMEM 
objective function according to the likelihood ratio test, CV=coefficient of 
variation in the study population computed from the interindividual error 7, 
PWR=pulse wave reflex; SVmReskin vasomotor reflex with site of 
stimulation in parentheses The inter-mndividual vanation of the baseline 
reflex yo was considerable; the inter-individual variation of the regression 
coefficient a was small and did not improve the fit 


Reflex Yo a vo -2LL 
PWR ulnar nerve 027 0.009 0.08 —167 062 
SE 004 0 002 
CV (%) 060 - 
PWR muscle 017 0 006 011 —164 423 
SE 002 0 002 
CV (%) 039 - 
SVmR ulnar nerve 019 0008 013 -126 649 
SE 005 0 003 
CV (%) 105 - 
SVmR muscle 0.07 3.96E-12 0.12 —-163 724 
SE 0.02 9 18E-06 
CV (%) - ~- 
10 
Tos ns P=0 0011 P=0.009 P<0.001 
= R e e 
Town 
[8] 
X 
£ 
> 
n 
x 
£ 
oO 
Qr 
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Fig 5 Laser-Doppler skin vasomotor reflex (SVmR) and pulse wave 
reflex (PWR) after electrical tetanic stimulation of the ulnar nerve and 
the flexor muscles of the forearm. Twenty stimuli before (shaded bars) 
and 20 stimuli after (open bars) vecuronium 0.1 mg kg™ in 20 patients 
anaesthetized with sevoflurane (2 vol%) and nitrous oxide (50 vol% in 
oxygen) without opioids. Box plots with error bars representing the 10th 
and 90th percentiles and pounts the 5th and 95th percentiles 


blood flow is regulated mainly by local arteriovenous 
shunts.”! Vasoconstriction to a cold stimulus in awake 
humans is more pronounced in deep finger vessels than in 
superficial ones.”” Vasoconstriction to pain in deep and 
superficial finger vessels has not yet been compared. Our 
data might suggest vasoconstriction in deep finger vessels is 


more pronounced than im superficial ones and is thus less 
suppressed by active warming of the body and volatile 
anaesthetics. This would explain how the PWR—in contrast 
to the laser-Doppler SVmR—was not attenuated in our 
study. Our results, in which acute sympathetic activation 
elicited by pain caused a transient vasoconstriction and 
thereby a change in the PWR, support previous data on 
angiotensin-induced vasoconstriction.” Vasoconstriction 
with angiotensin slightly decreased the maximal photo- 
plethysmography wave amplitude, by reducing the size of 
the early systolic component of the pulse wave, while the 
pulse pressure and the late systolic arterial pressure in the 
ascending aorta increased because the reflection wave 
increased.” 

We conclude that a negative SVmR does not predict a 
reduced response of arterial pressure or heart rate to tracheal 
intubation. The PWR to a 5 s, 60 mA, 50 Hz tetanic impulse 
to the ulnar nerve could be a better predictor and warrants 
further study to confirm that the selected cut-off limit is 
appropriate and to determine the efficiency of PWR in 
predicting responses in patients of different ages and 
medical conditions. 
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Incidence and risk calculation of inotropic support in patients 
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Background. This retrospective study analysed the effects of preoperative and intraoperative 
factors on the occurrence of inotropic support after cardiopulmonary bypass (CPB). 


Methods. The data sets of 147] adult patients having received elective cardiac surgery with 
CPB were recorded using an online anaesthesia record-keeping system. Patlents were judged 
to have required Inotropic drug support if they had received one or a combination of the 
positive inotropic drugs, epinephrine, dobutamine and enoximone. The effects of age, height, 
weight, body mass index, gender, chronic heart fallure, documented preoperative myocardial 
Infarction, left main coronary artery disease, preoperative history of hypertension, chronic 
renal failure, diabetes mel itus, chronic obstructive pulmonary disease (COPD), preoperative 
medical treatment, type of surgical procedure, duration of CPB, duration of aortic clamping 
and reperfusion time were analysed by logistic regression for predictive power of the need for 
positive Inotropic drugs. 


Results. Of the patients, 32.4% received positive inotropic drugs in the operating theatre after 
weaning from CPB. The overall 30-day mortality was 2.2%. Of non-survivors, 81.8% received 
inotropes compared with 18.2% of survivors (P<0.01). The numbers of previous myocardial 
infarctions (odds ratio (OR), 2.01), congestive heart failures New York Heart Association class 
>2 (OR, 1.85), COPD (OR, 1.85) and age >65 yr (OR, 1.62), aortic cross clamping time of >90 
min (OR, 2.32) and coronary artery bypass surgery (OR, 0.43) all represented influential fac- 
tors within the logistic regression model. 


Conclusion. The knowledge of these risk factors should be useful in increasing the anaesthe- 
tst’s vigilance In those patients most at risk for inotropic support and in providing for more 
timely therapeutic Intervention and optimizing anaesthesia management. 
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Depressed myocardial function is common after cardio- 
pulmonary bypass (CPB) and cardioplegic arrest.’ It has 
been described in patients with normal and decreased 
preoperative ejection fractions.” Positive inotropic drugs are 
frequently administered to improve post-bypass ventricular 
dysfunction. In some institutions, these drugs are given 
routinely during weaning from CPB. However, the use of 


positive inotropic drugs, including low dose dopamine, may 
be harmful in some situations (1.e. increasing myocardial 
oxygen consumption, dysrhythmia). 

Previous investigators have focused only on intraopera- 
tive and cardiac factors,>° but in this study we have 
investigated the hypothesis that concomitant diseases and 
preoperative medical treatment can influence the occurrence 
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of inotropic support after CPB. Accordingly, the main 
objective was to analyse the incidence and risk factors for 
inotropic drug support in adults undergoing cardiac surgery 
with CPB and to evaluate the effects of positive inotropic 
drugs on mortality. 


Methods 


From January 1, 1997 to January 5, 2000, the data sets of 
1471 consecutive aduit patients receiving elective cardiac 
surgery with cardiopulmonary bypass at the University 
Hospital Giessen were recorded using the online anaesthesia 
record-keeping system, NarkoData (MESO GmbH, 
Hiittenberg, Germany).® 

In all patients, anaesthesia consisted of weight-related 
doses of sufentanil, midazolam and pancuronium bromide. 
No patient was treated with volatile anaesthetics. CPB was 
performed with moderate hypothermia (rectal temperature 
33°C) using non-pulsatile perfusion (2.4 litres min”! m°) 
and membrane oxygenators (Sorin 41, Sorin, Torino, Italy). 


Body temperature was measured using rectal (peripheral - 


compartments) and nasopharyngeal (central compartments) 
probes. Priming of the extracorporeal circuit consisted of 
2000 ml of Ringer’s solution and 250 ml of 5% albumin 
solution, as well as electrolytes. Antegrade histidine 
tryptophane ketoglutarate (HTK) solution was introduced 
for cardioplegic arrest. The acid-base management fol- 
lowed the alpha-stat procedure, and the haematocrit was 
held between 20 and 30% throughout CPB. 

The reperfusion period before weaning from CPB was 
one third of the aortic cross-clamping time. After achieving 
a rectal temperature 235°C, weaning from CPB was 
performed by a gradual filling of the heart to a systolic 
blood pressure of 90-100 mm Hg or a maximum diastolic 
pulmonary artery pressure of 20 mm Hg and successively 
reducing pump flow without routine use of inotropes. 
Patients received inotropes either based on the observation 
of reduced cardiac contractility during and after weaning 
(by direct visual inspection of the right ventricle and/or 
transoesophageal echocardiography) or after measuring a 
reduced cardiac index (<2.0 litres min! m°? measured by 
thermodilution), or both. 

Structure query language statements were defined in 
order to retrospectively extract data from the database. 
Patients were judged to have required inotropic drug support 
if they had received one or a combination of the inotropes, 
epinephrine, dobutamine or enoximone, as a single dose or 
infusion. The cardiac anaesthesia risk evaluation (CARE) 
score’ was used for risk calculation and the 30-day mortality 
was evaluated. 

A total of 20 patient-related variables and four operative 
ones were investigated for predictive power. The patient- 
related variables were age, height, weight, body mass index 
(BMI), gender, chronic heart failure (New York Heart 
Association (NYHA) function class at presentation), docu- 
mented preoperative myocardial- infarction, left main 


coronary artery disease, preoperative history of hyperten- 
sion, chronic renal failure (permanent increase in serum 
creatinine >1.1 mg di"), preoperative ejection fraction 
(assessed by ventriculography), diabetes mellitus (non- 
insulin-dependent and insulin-dependent), chronic obstruct- 
ive pulmonary disease (COPD) (documented asthma, 
chronic bronchitis or pulmonary emphysema), and pre- 
operative treatment with angiotensin converting enzyme 
inhibitors (ACED, diuretics, digoxin, B-adrenergic blockers, 
calcium-antagonists, nitroglycerin or antidysrhythmic 
drugs. Data for the preoperative ejection fraction were 
only available in 428 patients and were therefore not 
included in the logistic regression. The surgical variables 
included the type of surgical procedure (coronary artery 
bypass (CABG) surgery, cardiac valve surgery or both 
simultaneously), duration of CPB, duration of aortic cross- 
clamping and reperfusion time. 

Data were exported from the database into the SPSS® 
Statistics program (SPSS Software GmbH, München, 
Germany) in order to perform statistical analysis. The 
dichotomous variable, positive inotropic drugs (yes/no), 
was used as the target criterion. Univariate analysis was 
performed using the t-test for metrically scaled variables. 
Categorical variables were assessed for a significant asso- 
ciation with inotropic support using either the ¥ test or the 
exact Fisher test, Data sets were randomly divided into an 
evaluation (n=761) and validation (n=710) set. The evalu- 
ation data set was examined by stepwise logistic regression 
analysis. Logistic regression was used to filter predictor 
variables having a significant influence on positive inotropic 
drugs within a multivariate model. Furthermore, logistic 
regression was used to estimate the coefficients (B) of these 
variables. Based on the results, the probability (score) of the 
event ‘positive inotropic drugs: yes’ may be estimated using 
a logistics function. A forward stepwise algorithm (inclu- 
sion criteria: log likelihood test ratio based on maximum 
likelihood function) was used for developing a logistic 
regression model. At each step, independent variables not 
yet included in the equation were tested for possible 
inclusion. The variable with the strongest significant 
contribution (P<0.05) improving the model was included. 
Variables already included in the logistic regression equa- 
tion were tested for exclusion based on the probability of a 
log likelihood test ratio. The analysis ended when no further 
variables for inclusion or exclusion were available. 
Variables in the logistic regression equation were defined 
as 1 if present and O if absent. Constant values were 
calculated as absolute values. 

We used the Hosmer-Lemeshow goodness-of-fit H 
Statistic to evaluate the overall calibration of the model 
equation in the validation set. This was accomplished by 
testing the null hypothesis that the mean predicted and 
observed incidence of inotropic support was equal.® °? For 
this reason, the hypothesis has to be retained for confirming 
the fitness of the model. The level of significance should be 
at least P>0.05, but preferably P>0.2 to allow an indirect 
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control of the P-failure. The observed and expected 
incidences of inotropic support are shown graphically in 
calibration curves with the number of patients per group. 
The discriminative power of the model was assessed with 
a receiver operating characteristic (ROC) curve.'° The ROC 
curve plots the percentage of true positive values (sensitiv- 
ity) based on the individual score against the percentage of 
false positive values (1-specificity). The area under the 
curve indicates the accuracy of the calculated model 
between 0 and 1. This may be interpreted as the probability 
of correct patient classification in one of the two categories 
(positive inotropic drugs: yes or no). An area of 0.5 indicates 
that the predictive accuracy equates a random selection. 


Results 


Altogether, inotropic drug support after weaning from CPB 
was used in 476 of the 1471 patients (32.4%). Epinephrine 
was used as a sole inotrope in 283 patients, dobutamine in 
39 patients and enoximone in 29 patients. Epinephrine and 
enoximone were used in 106 patients as a two-drug positive 
inotropic drug combination, and epinephrine and dobuta- 
mine were used together in 15 patients. Epinephrine, 
dobutamine and enoximone were given in combination to 
four patients. Of the 1471 patients, 1140 underwent CABG 
surgery, 231 had cardiac valve surgery and 100 underwent 
simultaneous surgery of the cardiac valves and CABG. 

The mean CARE score was comparable between patients 
with positive inotropic drugs (2.6 (SD 0.7)) and patients 
without positive inotropic drugs (2.6 (0.6)). The overall 30- 
day mortality was 2.2%. However, 27 of 33 non-survivors 
(81.8%) received positive inotropic drugs (P<0.01 com- 
pared with survivors) and 449 of 1438 survivors received 
positive intropic drugs. 

The results of the univariate analysis concerning the 
influence of studied variables on the occurrence of positive 
inotropic drugs are presented in Tables 1 and 2. Mean values 
of metrically scaled variables are shown in Table 1. Table 2 
shows the distribution of ordinally and nominally scaled 
variables and their relations to the incidence of receiving 
positive inotropic drugs 

The following factors had a significant influence on the 
use of positive inotropic drugs: age, gender, weight, 
congestive heart failure, myocardial infarction, ejection 
fractions, renal failure, COPD, preoperative use of diuretics, 
digitalis and B-adrenergic blockers, type of surgery, 
duration of surgery, CPB time, aortic cross-clamping time 
and reperfusion time. In contrast to these, height, BMI, left 
main coronary artery disease, history of hypertension, 
diabetes mellitus, long-term therapy with ACE inhibitors, 
calcium-blocking drugs, nitroglycerin and antidysrhythmic 
drugs did not influence the use of positive inotropic drugs. 

The results of stepwise logistic regression analysis are 
summarized in Table 3. Among patient-related factors, the 
number of previous myocardial infarctions showed the 
strongest association (OR, 2.01), indicating a twofold 


Table 1 Mean values (sD or range) of metrically scaled predictors of 
positive motropic drugs in the univariate analysis *P<0 01 (t-test) 








Variables No positive Positive 
inotropic drugs inotropic drugs 
(n=995) (n=476) 
Age (yr)* 63 9 (58-71) 66 5 (61-73) 
Height (cm) 1709 (9 1) 169.7 (8 8) 
Weight (kg) * 79 7 (12.6) 76 5 (12 4) 
BMI (kg m°) 27.4 (6.3) 26.5 (3.7) 
Duration of surgery (min)* 210 2 (53.8) 222 0 (66 0) 
CPB time (min)* 103 9 (30 4) 116 8 (40 0) 
Aortic cross-clamping tıme (min)* 64 2 (20 1) 70 2 (26 2) 
Reperfusion time (min)* 34 4 (13.5) 40 4 (17 6) 


increased risk per myocardial infarction for the use of 
positive inotropic drugs. Having a congestive heart failure 
NYHA class of >2 (OR, 1.85), COPD (OR, 1.85) and age 
>65 yr (OR, 1.62) also represented patient-related influen- 
tial factors. Regarding the surgical vanables within the 
logistic regression model, the risk increased most with an 
aortic cross-clamping time of >90 min (OR, 2.32), whereas 
CABG surgery possessed a positive influence (OR, 0.43). 
The probability for the need of positive inotropic drugs 
(Ppp) during and after weaning from CPB could be 
calculated by the following logistic equation, Equation 1. 


Pprp=1/(1+e”) (1) 


where z=—0.8524 X (CABG)+0.6141 X (congestive heart 
failure NYHA >2) + 0.6976 X (number of myocardial 
infarctions) + 0.6156 X (COPD) + 0.4823 X (age >65 yr) + 
0.8421 X (aortic cross-clamping time >90 min) — 1.1886. 

The factors for CABG, congestive heart failure NYHA 
>2, COPD, age >65 yr and aortic cross-clamping time >90 
min were defined as 1 if present and 0 if absent. By notating 
number of myocardial infarctions, the number of previous 
myocardial infarctions is used as the factor. 

ORs were determined by a logistical function for the 
validation set. The resulting probabilities were used for 
calculating the ROC curve (Fig. 1). The area under the ROC 
curve, acting as the measure of accuracy, was 0.68. The 95% 
confidence interval is represented by area (0.64-0.72). The 
results of the Hosmer—Lemeshow H statistic showed 
acceptable calibration (H=12.7; P=0.09;, degrees of free- 
dom, 7). The calibration curve (Fig. 2) plots the observed 
and expected positive inotropic drug frequency together 
with the number of categorized patients (bar diagram), 
depending on the probability of inotropic support 

A sensitivity of 0.53 and a specificity of 0.73 were 
obtained using a probability of 0.38, a value having the best 
relationship between sensitivity and specificity as a thresh- 
old for factor inclusion. The score of correctly categorized 
patients based on this threshold is 0.67. Other values and 
their respective variables can be used, including sensitivity, 
specificity and the total number of correctly categorized 
patients based on other limits. These can be ascertained 
using the ROC curve (Fig. 1). 
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Table 2 Results of the univariate analyms concerning the influence of studied variables on the occurrence of positive inotropic drugs Exactitude test 
according to Fisher or x° test for independence *P<0 01 between the groups 


Total No positive inotropic drugs Positive inotropic drugs 
n n % n % 
Gender* 
Female 380 232 23.4 148 31.1 
Male 1089 761 766 328 741 
Type of surgery* 
CABG 1140 831 83.5 309 649 
Valvular surgery 231 118 119 113 237 
Valvular and CABG 100 46 46 54 113 
Congestive heart farlure* 
No 1023 731 735 292 613 
NYHA class 1 25 22 22 3 0.6 
NYHA class 2 214 141 142 73 15.3 
NYHA class 3 198 100 101 98 206 
NYHA class 4 li 1 0.1 10 21 
Myocardial infarction* 
0 913 631 635 282 59 6 
1 472 331 333 141 298 
2 7 27 2.7 44 93 
3 10 4 0.4 6 13 
Left mam coronary artery disease 
No 1268 852 85.8 416 879 
Yes 198 141 14.2 57 121 
Preoperative ejection fraction* 
>50% 302 220 80.6 82 52.9 
30-50% 100 50 183 50 32.3 
<W% 26 3 1.1 23 148 
Preoperative history of hypertension 
No 421 269 27.1 152 321 
Yes 1045 724 72.9 321 679 
Renal failure* 
No 1251 872 87.8 379 80 1 
Yes 215 121 121 94 199 
Diabetes mellitus 
No 1115 766 77.1 349 738 
Yes 351 227 229 124 26.2 
COPD* 
No 1235 854 85.8 381 80 
Yes 236 141 142 95 20 
ACEI 
No 914 624 62.8 290 613 
Yes 552 369 372 183 387 
Diuretics* 
No 1121 806 812 315 66 6 
Yes 345 187 188 158 334 
Digitalis* 
No 1343 939 946 404 854 
Yes 123 54 54 69 146 
B-adrenergic blockers* 
No 823 532 53 6 291 615 
Yes 643 461 464 182 385 
Caicium blockers 
No 1161 780 78.5 381 805 
Yes 305 213 21.5 92 195 
Nitroglycerin 
No 751 494 497 257 54.3 
Yes 115 499 50.3 216 457 
Antidysthythmuc drugs 
No 1347 909 91.5 438 926 
Yes 119 84 8.5 35 74 
Aortic cross-clamping time* 
<90 min 1304 909 697 395 30.3 
>90 min 137 86 51.5 81 485 
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Table 3 Results of logistic regression analysis in the multivariate analysis 


Variables B SE 
Type of surgery: CABG 0.8524 033345 
Congestive heart failure, NYHA >2 06141 02342 
Number of myocardial infarctions 0 6976 0.1487 
COPD 0.6156 0 2245 
Age >65 yr 0 4823 0 1763 
Aortic cross-clamping time, >90 mm 0.8421 0.2823 
Constant ~1.1886 0.3550 


Decision criterion 


(probabilrty of ‘use of PID’) 





“00 01 02 03 0.4 0.5 06 0.7 0.8 0.9 1.0 
1-Specificity 


Fig 1 Receiver operating characteristics (ROC) curve including risk score 
(decision criterion). The area under the ROC curve ıs 0 68 with a 95% 
confidence interval from 0 67 to 0.72 PID, positive motropic drugs. 


E Observed 
+ Predicted 


Number of patients 





Probability of inotropic support 


Fig 2 Comparison of predicted and observed frequencies of positive 
inotropic support depending on the probability of occurrence (validation 
set). The corresponding number of patients is displayed in a bar diagram. 


Discussion 

In the present study, 32% of the patients had a post-CPB 
ventricular dysfunction requiring inotropic drug support. 
Patients receiving positive inotropic drugs had a higher 30- 
day mortality compared with those without positive 





P-value OR 95% confidence interval 
of OR 

<0 01 0 4264 0 2213-0 8214 

<D.01 1.8481 1 1679-2.9244 

<001 2.0090 1 5011~2.6888 

<0.01 1 8508 1.1919-2 8739 

<001 16197 1 1464-2.2885 

<001 2 3212 1 3348-4 0363 

0.01 


inotropic drugs. This suggests that the use of inotropes 
following CPB is not only a variable process in the present 
setting but indicates a poor early outcome. It has recently 
been shown that late survival is significantly reduced in 
patients with non-fatal perioperative cardiac outcomes such 
as perioperative myocardial infarction or low cardiac output 
syndrome.!! 

Butterworth and colleagues? reported that positive 
inotropic drugs were given in 52% of patients undergoing 
cardiac valve surgery, a frequency comparable to patients 
undergoing CABG surgery in a study from Royster and 
colleagues.* Rao and colleagues’ reported an overall 
prevalence of low cardiac output after CABG surgery, 
defined as the need for a postoperative intra-aortic balloon 
pump or inotropic support in the intensive care unit of 9.1%. 
However, in contrast to Rao and colleagues, we studied a 
case mix (CABG surgery and/or cardiac valve surgery) in 
which CABG surgery correlates with a lower incidence of 
positive inotropic drugs. Furthermore, Rao and colleagues 
defined in their study that patients receiving a ‘renal’ dose of 
dopamine do not suffer from low cardiac output. A recent 
study has shown that dosing dopamine based on body 
weight does not yield consistent, predictable plasma con- 
centrations.’ Thus, stimulating effects of a ‘renal’ dose on 
cardiac B-receptors cannot be excluded. Inotropes, includ- 
ing dopamine at doses <5 jig kg™ min™, were not routinely 
administered during and after weaning from CPB at our 
institution. The use of positive inotropic drugs thus repre- 
sented failure of our usual therapeutic regimen and 
indicated a poor ventricular function, at least in the’ first 
hours after CPB. 

In the present study, CABG surgery was associated with a 
lower incidence of positive inotropic drugs than were 
cardiac valve surgery and combined valve and CABG 
surgery. The strongest independent association with positive 
inotropic drugs was found among factors of impaired 
preoperative ventricular function (number of pre-existing 
myocardial infarctions and anamnestic congestive heart 
failure NYHA class >2). A close association between 
congestive heart failure NYHA class >2 and mortality and 
morbidity after cardiac surgery has been described.’ A low 
preoperative ejection fraction has also been identified by 
other investigators as a predictor of low cardiac output after 
CPB in patients undergoing CABG surgery as well as in 
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those undergoing valve surgery.? * In a subgroup of 428 
patients, we analysed the influence of the ejection fraction. 
A significant influence of a depressed ejection fraction on 
positive inotropic drug frequency could be observed in this 
subgroup as well. However, the ejection fraction was not 
included in the multivariate analysis because it was less well 
documented compared with the NYHA classification of 
congestive heart failure. 

Our results demonstrate that patients with COPD have an 
increased risk of needing positive inotropic drugs. Patients 
with COPD commonly have a mild-to-moderate increase in 
pulmonary artery pressure. !? An increased afterload may 
influence right ventricular performance after CPB. 
Weightman and colleagues'* have shown that chronic 
lung disease increases the risk of in-hospital mortality 
after CABG surgery. 

An age of >65 yr indicates an increased risk for inotropic 
support in the present study. Advanced age is always 
accompanied by a general decline in organ function, 
especially because of changes in the structure and function 
of the heart and vasculature that will ultimately affect 
cardiovascular performance, even in the absence of overt 
coexisting diseases. This may explain why post-ischaemic 
systolic functional recovery was markedly worse in the 
older group of an ovine model.'® 

With regards to intraoperative factors, we found that an 
aortic cross-clamping time of >90 min is an independent 
predictor of post-CPB need for positive inotropic drugs. A 
greater need for inotropic agents during long periods of 
aortic cross-clamping time was also observed by Bar-El and 
colleagues.!’ To achieve cardioplegic arrest, cold (4°C) 
crystalloid cardioplegia, HTK solution, was applied by 
hydrostatic pressure as a single shot into the aortic root or 
directly into the coronary ostia when necessary. On rare 
occasions, a further dose was given via a venous graft 
during CABG surgery. Using this strategy for cardioplegic 
arrest, a prolonged cross-clamping time can result in a 
decrease in adenosine triphosphate compared with blood 
cardioplegia.’® In a study comparing blood and crystalloid 
cardioplegia in patients with unstable angina, blood 
cardioplegia significantly reduced the incidence of peri- 
operative myocardial infarction, low-output syndrome and 
operative mortality.’ 

One major limitation is that we have not been able to 
assess the impact of the quality of surgery (i.e. perioperative 
myocardial infarction, re-operation). The CARE score was 
used for risk adjustment. The overall mean CARE score was 
2.6. A CARE score of 3.0 predicts a mortality rate of 2.2%,’ 
which is comparable to our overall 30-day mortality. 
However, we could not predict the need of inotropic support 
by using the CARE score. 

To conclude, we have shown that preoperative myocar- 
dial infarction, congestive heart failure NYHA class >2, 
COPD, age >65 yr and aortic cross-clamping time >90 min 
are independent predictors of ventricular dysfunction after 
CPB requiring inotropic support. Using the described 


anaesthetic strategy, inotropes following CPB are associ- 
ated with higher 30-day mortality. However, the knowledge 
of these risk factors should be useful in increasing the 
anaesthetist’s vigilance in those patients most at risk for 
inotropic support and in providing for more timely thera- 
peutic intervention and optimizing anaesthesia manage- 
ment. 
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Background. Rapid defibrillation is the most Important intervention required for a patient in 
cardiac arrest due to ventricular fibrillation or ventricular tachycardia. Isolated case reports of 
spurious asystole may have seen a change In practice, moving away from monitoring through 
defibrillator paddles and gel pads in favour of attaching electrocardiograph (ECG) leads for the 
initial monitoring of a collapsed patient. We surveyed current preferences for initial monitoring 
and estimated the difference in time taken to deliver the first shock with the following three 
monitoring techniques: defibrillator paddles and gel pads, ECG leads and hands-free adhesive 
pads. 


Methods. Sixty Advanced Life Support (ALS) course directors, selected at random, were 
questioned to establish their current practice. Twenty ALS providers received 5 min revision in 
the three techniques for the initial monitoring of a collapsed patient and were then randomly 
tested to measure the time from confirmation of arrest to the first shock. 


Results. Forty-two directors indicated their preferred methods for inital monitoring as 74% 
leads, 21% paddles and 5% hands-free adhesive pads. Before testing, 10 providers preferred 
paddies and 10 preferred leads. Monitoring through leads 54 (range 49-65) s was significantly 
slower than paddles 28 (24-31) s, P<0.01 and adhesive pads 23 (19-27) s, P<0.01. There was 
no significant difference In the time taken between paddles and adhesive pads. 


Conclusion. The current practice of monitoring through leads delays the time to deliver the 
first shock. We recommend that initial monitoring through leads be discontinued in favour of 


hands-free adhesive pads or defibrillator paddles/gel pads. 
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Since the first descriptions over 50 years ago, defibrillation 
has become established as the standard treatment of a 
patient in cardiac arrest due to ventricular fibrillation (VF) 
or ventricular tachycardia (VT).' The critical importance of 
early defibrillation has been clearly shown in several large, 
prospective clinical studies. Delays in defibrillation are 
associated with poor outcome.” Outside the monitored 
environment of the operating theatre, coronary and intensive 
care units, the underlying rhythm ın the collapsed patient 
needs to be determined rapidly. Three techniques are 
currently available: defibrillator paddles and gel pads, 
standard ECG leads, or hands-free adhesive gel pads. 

In 1999 the medical devices agency issued a safety notice 
warning that spurious asystole might be diagnosed in error 


after attempted defibrillation using paddles and gel pads. A 
further report was published shortly afterwards ın the British 
Medical Journal of a simular episode at a district general 
hospital in England,’ when a patient was monitored using 
gel pads with defibrillator paddles. After delivering a shock, 
a period of apparent asystole was noted on the defibrillator 
monitor (shown as a continuous or broken line); however, 
simultaneous electrocardiographic (ECG) lead monitoring 
with independent electrodes showed that the patient 
remained in VF. Without additional monitoring with ECG 
leads, a delay in the delivery of further shocks would have 
resulted. Despite the limited number of reports of spurious 
asystole in the literature,°* the wide publicity these reports 
have received may have changed practice from the rapid 
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Table 1 ALS course directors’ imtual monitoring preferences 


n (%) 
ECG leads 31 (74) 
Defibrillator paddles and gel pads 9 (21) 
Hands-free adhesive pads 2 (5) 


paddles/gel pad technique to monitoring initially through 
standard ECG leads. 

We set out to determine current preferences for the initial 
monitoring of the collapsed patient and to measure the 
difference in time taken to deliver the first shock with the 
following three monitoring techniques: defibrillator paddles 
and gel pads, ECG leads, and hands-free adhesive pads. 


Methods 


The study was divided into two parts. In the first part, 60 
electronic questionnaires were sent to Advanced Life 
Support (ALS) course directors selected randomly from 
the Resuscitation Council UK register of course directors in 
September 2001. Course directors are experienced ALS 
trainers with medical, nursing or paramedical backgrounds 
who have been granted permission to lead the Resuscitation 
Council UK Advanced Life Support Provider Course. A 
follow-up telephone call to non-responders was made 2 
months later. The questionnaire asked the course directors 
to specify their preference and teaching practice for the 
initial monitoring of the collapsed patient. 

In the second part of the study, 20 doctors or nurses were 
recruited without prior warning to perform a defibrillation 
test. All subjects had undertaken the Resuscitation Council 
UK Advanced Life Support Provider Course and were 
working at Birmingham Heartlands Hospital. The subject’s 
preference for initial monitoring was recorded before 
testing. Five minutes of revision time was given in a 
standardized manner, covering the three different tech- 
niques for initial monitoring that were to be tested. These 
three techniques were: (i) defibrillator paddles and gel pads, 
where gel pads (defib-pads; 3M, Germany) and defibrillator 
paddies are placed on the patient’s chest; (ii) ECG leads, 
where three standard ECG (3M-red-dot; 3M, Germany) 
electrodes:are used for monitoring and gel pads/paddles are 
used for defibrillation; and (iii) hands-free adhesive pads 
(Multi-function Adult electrode pads; Hewlett Packard, 
UK), which are adhesive electrode pads used for monitoring 
and defibrillation. All tests were undertaken on a Laerdal 
adult ALS manikin skill trainer using a Heartsim 200 
rhythm simulator (Laerdal Medical, Norway). The 
Codemaster XL (Hewlett Packard) defibrillator was used 
for all tests, with default monitoring set to ‘paddles’ for 
monitoring through paddles/gel pads, and ‘leads’ (lead IM) 
for ECG leads and hands-free adhesive pad tests. There was 

-no significant difference in charge time between the 
defibrillators used (2.4 (range 2.4-2.4) s for defibrillator 1 


compared to 2.3 (2.3-2.4) s for defibrillator 2 during 10 
successive shocks P>0.05). The training manikin is 
designed to have the ECG leads attached directly onto the 
chest wall and therefore it was not possible to obtain reliable 
ECG signals by attaching the ECG electrode dots to the 
ECG monitoring points. To reflect clinical practice, subjects 
actually attached leads and electrodes to the manikin’s 
chest, but the ECG signal was fed directly to the defibrillator 
after the third lead had been attached correctly. 

The subjects were then presented with three simulated 
defibrillation tests in a randomized order (block randomiza- 
tion). The manikin was stated to be in cardiac arrest and the 
subject was required to establish initial monitoring, deter- 
mine the underlying rhythm and deliver the first shock. The 
time taken from the start of each test until the defibrillator 
was charged to 200 J (as indicated by the defibrillator 
audible warning bleep) was recorded. 


Statistical analysis 


Data were entered into Excel 97 (Microsoft, NY, USA) and 
analysed using SPSS 10.0 for windows (SPSS Inc., Chicago, 
IL, USA). Monitoring preferences from all subjects were 
analysed using x” and Fisher’s exact tests. Defibrillation test 
data were analysed for normality and found to be in a non- 
normal distribution. Friedman’s repeated measures analysis 
of variance (ANOVA) on ranks with Dunnett’s test was used 
for multiple comparisons between the three monitoring 
techniques. Data were expressed as medians (interquartile 
range). A P value <0.05 was considered statistically 
significant. 


Results 


In part 1 of the study, 42 (70%) course directors replied to 
the questionnaire. The majority (74%) indicated that their 
preferred method of initial monitoring of the collapsed 
patient was ECG leads (Table 1). In part 2 of the study, 10 
nurses and 10 doctors were recruited for the defibrillation 
test. The median duration from attendance on the Advanced 
Life Support Provider Course was 7.5 months (range 1-48 
months). Ten subjects reported defibrillator paddles and gel 
pads and 10 reported ECG leads as their preferred initial 
monitoring technique. There was no statistical difference in 
preferences between subjects trained >24 months previously 
(i.e. before the first reports of spurious asystole) and those 
trained more recently (P=0.63). 

The time taken to deliver the first shock using ECG leads 
was 54 (49-65) s compared with defibrillator paddles and 
gel pads 28 (24-31) s; P<0.01 and hands-free adhesive pads 
23 (19-27) s; P<0.01. There was no significant difference in 
the time taken between paddles and hands-free adhesive 
pads (Fig. 1). 
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Fig 1 Box plot of tıme taken to deliver first shock 


Discussion 

The principal findings of this study are that contrary to 
current guidelines,” most ALS course directors recommend 
that initial monitoring is performed using ECG leads. We 
found that this delays the delivery of the first shock on 
average by 26.4 s compared with defibrillator paddles and 
gel pads, and by 31 s compared with hands-free adhesive 
pads. 

A potential limitation of our findings from the question- 
naire survey to ALS course directors is the moderate 
response rate. However, the clear preference (74%) for 
monitoring initially through ECG leads amongst the 
respondents suggests that this teaching practice 1s wide- 
spread. The second part of this study consisted of a 
simulated cardiac arrest using a resuscitation manikin and 
has several inherent limitations. First, the pnor revision and 
controlled environment of the laboratory test is likely to 
have shortened the time to first shock for all tests, as the 
equipment was immediately available and defibrillator 
operators were probably more relaxed than during a genuine 
cardiac arrest. Secondly, the signal quality obtained through 
the resuscitation manikin may be different from that seen in 
clinical practice, although our experience is that ıt is similar 
irrespective of which monitoring technique is used. The 
poor quality signals seen when attaching ECG leads and 
electrodes to the manikin may have artificially increased the 
time taken to deliver the first shock with this technique. 
However, this was identified in a pilot study and overcome 
by feeding the electrical signal directly from the rhythm 
simulator to the defibrillator during the actual study. Despite 
these limitations, the findings of this study can probably 
reasonably be extrapolated to the clinical environment. 

After the early reports of spurious asystole, Bradbury and 
colleagues conducted an in vitro study to vestigate this 
phenomenon. !® Using a low (50 Q) and high impedance 
(1050 Q) defibrillator test model they measured the time 


delay in the return of a test signal following defibrillation 
through gel pads and hands-free adhesive pads. They found 
significant delays (up to 61 s) in the return of the test signal 
with the gel pad/paddle combination using the high 
impedance test model after several shocks. This was caused 
by retention of the electrical charge by the gel pads. 
However, no such delays in the return of the test signal 
occurred with the low impedance system or when hands- 
free adhesive pads were used with either system. As the low 
impedance test model is closer to the reported mean 
transthoracic impedance of patients in cardiac arrest,!' 
they concluded that the results supported their clinical 
observations that spurious asystole 1s relatively rare m 
practice. In addition spurious asystole occurs only after 
several successive shocks so this should not influence the 
choice of initial monitoring. If after two or three shocks the 
rare phenomenon of spurious asystole is seen on the 
monitor, then ECG lead monitoring should be rapidly 
established. 

Whilst our experience and that of others’ '° suggests that 
spurious asystole occurs only rarely, no prospective studies 
have formally investigated this phenomenon. A recent study 
examining the recurrence of VF following defibrillation 
with automated external defibrillators (and hands-free 
adhesive pads) in the pre-hospital environment reported 
delays in the recurrence of VF of >30 s in half of all the 
patients studied.'* To our knowledge there have been no 
reported cases of spurious asystole occurring with the 
hands-free adhesive pads. The work by Bradbury and 
colleagues’? suggests that it is unlikely to occur wıth this 
device. However, only simultaneous ECG lead monitoring 
can determine if some of these delays could be attributable 
to spurious asystole, and further prospective studies are 
required. 

The choice of initial monitoring technique in cardiac 
arrest is considered an important issue in resuscitation 
training. We have recently reported that in a group of 25 
ALS instructors, five considered that initial monitoring with 
defibrillator paddles and gel pads without simultaneous 
ECG lead monitonng constituted unacceptable perform- 
ance,!* although current guidelines recommend the defi- 
brillator paddles and gel pads technique for initial 
monitoring.” At present we are aware of only a handful of 
high profile case reports reporting the phenomena of 
spurious asystole.©* '* Monitoring though ECG leads may 
delay defibrillation by on average 30 s. Early defibrillation 
improves survival from cardiac arrest,” * '! !® and extrapo- 
lating the data presented in the modified Larsen model for 
survival from cardiac arrest?’ it can be anticipated that 
delays in defibrillation of this order may reduce survival by 
3.5-5%. 

In the absence of convincing data that spurious asystole 1s 
common, we recommend that in the unmonitored collapsed 
patient, initial monitoring through leads should not be used, 
and hands-free adhesive pads or defibrillator paddles and gel 
pads should be; however, if asystole or apparent loss of 
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signal occurs after defibrillation with defibrillator paddles 
and gel pads then monitoring with ECG leads should be 
established as soon as possible. After the first three shocks 
are given, the ECG leads can then be attached if appropriate 
while basic life support is initiated. This recommendation is 
consistent with the advice recently published in the 
Resuscitation Council UK Instructor Bulletin. 
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Background. This review examines the evidence from published data concerning the 
incidence of moderate-severe and of severe paln after major surgery, with three analgesic 
techniques; intramuscular (i.m.) analgesia, patient controlled analgesia (PCA), and epidural 
analgesia. 


Methods. A MEDLINE search of the literature was conducted for publications concerned 
with the management of postoperative pain. Over 800 original papers and reviews were identi- 
fied. Of these 212 papers fulfilled the inclusion criteria but only 165 provided usable data on 
pain intensity and pain relief. Pooled data on pain scores obtained from these studies, which 
represent the experience of a total of nearly 20 000 patients, form the basis of this review. 


Results. Different pain measurement tools provided comparable data. When considering a 
mixture of three analgesic techniques, the overall mean (95% Cl) incidence of moderate-severe 
pain and of severe pain was 29.7 (26.4-33.0)% and 10.9 (8.4~13.4)%, respectively. The overall 
mean (95% Cl) Incidence of poor pain relief and of fair-to-poor pain relief was 3.5 (2.44 6)% 
and 19.4 (16.4—22.3)%, respectively. For i.m. analgesia the incidence of moderate-severe pain 
was 67.2 (58.|-76.2)% and that of severe pain was 29.1 (18.8-39.4)%. For PCA, the incidence 
of moderate-severe pain was 35.8 (31.4-40.2)% and that of severe pain was 10.4 (8.0-12.8)%. 
For epidural analgesia the incidence of moderate-severe pain was 20.9 (1 7.8—24.0)% and that of 
severe pain was 7.8 (6.|-9.5)%. The Incidence of premature catheter dislodgement was 5.7 
(4.0-7.4)%. Over the period 1973-1999 there has been a highly significant (P<0.0001) reduc- 
tion in the incidence of moderate-severe pain of 1.9 (1.1-2.7)% per year. 


Conclusions. These results suggest that the UK Audit Commission (1997) proposed stand- 
ards of care might be unachievable using current analgesic techniques. The data may be useful 
in setting standards of care for Acute Pain Services. 
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The Acute Pain Service is a relatively recent innovation, 
developed to improve the management of postoperative 
pain.! Among the earliest services were those in Kiel” and in 
Seattle.' The concept was given impetus in the early 1990s 
in the UK by the publication of a joint report by the Royal 
Colleges of Surgeons and Anaesthetists* and in USA by the 
publication of protocol for Investment ın Health Gaint such 
that 73% of US hospitals had a pain service by 1994,5 whilst. 
in the UK 88% of hospitals had an established pain service 
by 1999.6 


There is evidence that pain services affect morbidity and 
duration of hospital stay.’ However, despite the vast amount 
published on acute pain there have been few if any attempts 
to establish standards of care for acute postoperative pain 
services, although a number of Jarge “audits have been 
published. In a brief reference to postoperative pain in 1997 
the Audit Commission (UK) proposed a standard whereby 
less than 20% of patients should experience severe pain 
following surgery after 1997, and that this should ideally 
reduce to less than 5% by 2002.8 It is not clear from the 
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Audit Commission document how these figures have been 
arrived at, nor how valid this standard might be. In the light 
of this recommendation we decided to review the published 
literature on acute pain management in order to establish the 
validity of the Audit Commission’s proposed standard. 

In the past, pain relief has been provided mainly by ‘as 
required’ intramuscular (i.m.) injections of opioids. More 
recently, intravenous (i.v.) patient-controlled analgesia 
(PCA) and epidural analgesia have become popular, as 
they are perceived as being more effective. However, pain 
and pain relief are just one aspect of the wide range of 
outcome variables with which pain services are interest. For 
a review to be comprehensive it should consider three broad 
areas of outcome, such as effectiveness, safety, and 
tolerability. Effectiveness can be inferred from pain scores 
and pain relef reports. The incidence of respiratory 
depression and hypotension may be indicative of the safety 
of the techniques whilst tolerability is reflected by the 
occurrence of nausea and vomiting, sedation, itching, and 
the need for urinary catheterization. Psychological effects 
such as nightmares/hallucinations and panic attacks may 
also be important. 


Methods 


Search strategy 


We used MEDLINE (1966 onwards) to search the literature 
for all English language publications concerned with the 
management of postoperative pain and in particular meas- 
ures of effectiveness. Keywords selected included anal- 
gesia, postoperative pain, pain therapy, i.v. PCA, and 
epidural analgesia. The computerized search identified 
keywords in the title, abstract, and medical subject headings 
(MESH). As standard bibliographic databases label incor- 
rectly nearly 50% of published trials, we also ‘hand 
searched’ the full reference lists from review articles and 
individual relevant papers in peer-reviewed English lan- 
guage journals. Finally, a hand search of four anaesthetic 
journals (Anaesthesia, British Journal of Anaesthesia, Acta 
Anaesthesiologica Scandinavica, and Anesthesiology) from 
1980 to 1999 was performed to cross check the quality of 
the retrieval method. 

All publications identified by the search strategy were 
categorized according to the level of evidence obtained, 
based broadly on the criteria of the US Preventive Task 
Force (Appendix I). Subsequent analysis was not confined 
to randomized controlled clinical trials but included cohort 
studies, case’tontrol studiés; ‘arid audit réports; that is level 2 
and level 3 evidence. Case reports were not included, nor 
were authors approached for raw or unpublished data. No 
attempt was made to grade individual papers according to 
quality. All of the studies used in the analysis were given 
equal value. Data extraction was undertaken by one author 
(S.D.). Figure 1 summarizes the methodology. 
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Fig 1 Postoperative pain Management: data retrieval flow diagram. 


Selection criteria 

We included articles relating to abdominal, major gynae- 
cological. major orthopaedic, and thoracic surgery. The 
shortest period of observation was 24 h. Initial observations 
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made in the recovery room were not included. We excluded 
articles relating to paediatric, day stay, and minor surgery 
and where the period of observation was less than 24 h. We 
did not include any study in which a mixed or unusual 
analgesic technique (e.g. ketamine, clonidine) was descri- 
bed. We did not include articles relating to intrathecal 
opioids because it is an infrequently used technique (in a 
Europe-wide survey epidural analgesia was used eight times 
more frequently than intrathecal analgesia’). Neither did we 
include studies of combined spinal/epidural analgesia nor 
articles relating to regional analgesic techniques such as 
interpleural, paravertebral, and lumbar plexus blocks for the 
same reason. 


Definitions 

We were interested in obtaining, from the published 
literature, the incidence of analgesic ‘failure’ after major 
surgery. Defining analgesic ‘failure’ would involve making 
a number of assumptions, and may differ between patients 
and medical staff. We have simply calculated the overall 
incidence of pain intensity in two categories: the percentage 
of patients who experienced moderate-severe pain and the 
percentage of patients who experienced severe pain at some 
time during the first 24 h. We calculated these incidences for 
each of the three analgesic techniques in common practice: 
i.m. analgesia, PCA, and epidural analgesia. 

Information was extracted from published studies, which 
reported pain scores using any one of three different 
measures; visual analogue scale (0-100 mm), numerical 
rating scale (0-10), and verbal rating scales (mild/moderate/ 
severe). The different measurements have been recorded 
and where studies involved comparison between drugs 
using the same technique (e.g. epidural opioids vs epidural 
local anaesthetics) the results have been pooled, to reflect 
what happens in clinical practice, such as a mixture of drug 
regimens. Where the study has compared analgesic tech- 
niques (PCA vs epidural) results have been recorded 
separately under each technique. 

Studies used either contemporaneous pain assessments 
and/or retrospective pain assessments. For contempor- 
aneous pain scores the worst score in the first 24 h was 
used, excluding recovery room. The percentage of patients 
with moderate-severe pain and with severe pain was 
recorded from each study and this figure was weighted by 
the number of patients in the study. Moderate-severe pain 
was taken as a visual score greater than 30/100 or a 
numerical score greater than 3/10 in this review, in common 
with most authors. In many but not all studies it was possible 
to obtain a separate figure for the percentage of patients 
experiencing severe pain, which was taken as pain intensity 
score of greater than 70/100 or 7/10. Only when pain 
intensity scores were reported as raw data, as percentages 
with moderate or severe pain, or as histograms were we able 
to extract incidence data. The commonest reason not to 
include pain intensity data was when pain scores were 


presented as mean and standard deviation. As the pain 
scores were unlikely to be normally distributed it was 
impossible to obtain the percentage of patients experiencing 
moderate-severe pain and severe pain. Commonly, a single 
verbal score was recorded after 24 h, whereas visual scores 
were often recorded contemporaneously at intervals during 
the 24 h period. 

Several studies reported not only pain but also pain relief. 
Escape criteria such as the need for additional ‘rescue’ 
analgesia was also reported in some studies. Most studies 
reported pain/pain relief at rest but there are some scales that 
combine pain at rest and on movement; these have been 
analysed separately. 

A number of studies reported the incidence of premature 
catheter dislodgement, and as this was relevant to analgesic 
‘failure’ this was included in the study. Occasionally the 
incidence of missed segments or unilateral blocks was 
reported, but this was insufficient for formal analysis. 


Statistics 

The mean percentage reporting a given level of pain was 
found by the method of weighted mean, weighting by the 
number of subjects in the group.!° When patients were 
grouped by analgesic technique, some studies contributed 
subjects to more than one group. The presence of a few 
studies in more than one analgesic technique was ignored ın 
the analysis, possibly resulting in a small loss of power. 
Where appropriate groups were compared using analysis of 
variance. The percentage of patients reporting pain was 
weighted by the number as described previously and this 
figure was used in the analysis rather than any other 
statistical transformation. This is because our main aim was 
to estimate the percentage reporting pain for the whole 
population. All analyses were done using Stata 5.0 (Stata 
Corp., College Station, TX). 


Results 


We identified over 800 original papers and reviews, 410 of 
which contained data that were suitable for the meta- 
analysis as a whole. Papers which fulfilled our inclusion and 
exclusion criteria, and from which we were able to extract 
usable data on pain intensity and pain relief (several papers 
had data on both) data totalled 212. Some papers contributed 
both pain intensity and pain relief data. This resulted in 222 
papers as follows: i.m. analgesia 45 papers (Appendix II), 
PCA 73 papers (Appendix IT), and epidural analgesia 104 
papers (Appendix IV). Pain intensity results were obtained 
from 123 papers, which included a total of 19 909 patients, 
published between 1973 and 1999. Pain relief results were 
obtained from 53 papers, which included 9068 patients 
published between 1972 and 1998. The incidence of 
premature epidural catheter dislodgement was obtained 
from 32 papers, which included 13 629 patients, published 
between 1975 and 1998 (Appendix V). 
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Fig 2 Frequency distribution (numbers of papers) reporting moderate- 
severe pain at rest as measured by visual and verbal scales There were 
no differences between these two methods of pain measurement. 


Pain intensity 


We initially analysed visual and verbal scales separately. 
Visual or verbal scales produced similar distributions for the 
percentage of patients having moderate or greater pain 
(Fig. 2). The corresponding distributions for severe pain are 
shown in Figure 3. Visual and verbal pain scales were 
compared using analysis of variance and there were no 
significant differences between the distributions. 

Table 1 shows the percentage of patients experiencing 
moderate-severe and severe pain for both visual and verbal 
scales, and when both scales were combined. These results 
were similar for both scales and when considered together 
with the analysis of the distributions in Figures 2 and 3, we 
felt that it was statistically valid to regard the distributions 
of visual and verbal scales as coming from the same 
population. Subsequent analysis was therefore conducted on 
the combined data, allowing the maximum possible number 
of studies to be used. 

The overall mean percentages reporting pain in the three 
analgesic techniques, weighted for study size, are shown in 
Table 2: the percentage reporting moderate-severe pain at 
rest is thus estimated to be between 26 and 33%. Severe pain 
was reported by between 8 and 13% of patients in the first 24 
h after major surgery. 

As part of the analysis we looked at how the incidence of 
pain altered between 1973 and 1999. The analgesic 
technique reported varied with year of publication 
(Table 3). In the early part of the period of the analysis, 
im. analgesia was the most frequently reported technique, 
whereas in the later part epidural analgesia was the most 
frequent. Between 1973 and 1999 there was a significant fall 
in the overall incidence of moderate-severe pain at rest 
(P<0.0001), by 1.9% per annum (95% CI 1.1-2.7). When 
the relationship between percentage reporting moderate- 
severe pain and year of publication was adjusted for 
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Fig 3 Frequency distribution (numbers of papers) reporting severe pain at 
rest as measured by visual and verbal scales. There were no differences 
between these two methods of measuring pam 


analgesic technique, the relationship with time was no 
longer significant (P=0.7) and the estimated fall was 
reduced to 0.2% per annum (95% CI -0.6 to 0.9). The 
effect of analgesic technique was highly significant 
(P<0.0001), indicating that as epidural analgesia was 
introduced postoperative analgesia improved over time. 
The incidence of moderate-severe pain and severe pain by 
analgesic technique is shown in Table 4. Epidural analgesia 
resulted in the smallest percentage reporting both moderate- 
severe incidence for pain and severe pain, while i.m. 
analgesia resulted in the highest percentage. Moderate- 
severe pain on movement was unreliable, because pain on 
movement was not commonly reported except in studies of 
epidural analgesia, with resulting wide confidence intervals. 
There were no differences between analgesic techniques in 
the relative numbers of studies based on type of surgery 
(gynaecological, abdominal, orthopaedic, and thoracic). 


Pain relief 


Nearly all pain relief was recorded using a verbal rating 
scale (good, fair, poor) and were generally retrospective, so 
we have not separated the methods of recording. The results 
are shown in Table 5. 

Overall, between 2 and 5% of patients reported poor pain 
relief and between 16 and 22% reported only fair-to-poor 
pain relief. While poor pain relief was most frequently 
reported by patients receiving epidural analgesia, the 
numbers of papers was small with wide confidence 
intervals. 

Over the period 1972-1998 significantly fewer patients 
reported poor pain relief (P<0.04), a decrease of 0.4 (95% 
CI 0.1-0.6) percentage points per year. When adjusted for 
analgesic technique the relationship was no longer sig- 
nificant. However, the proportion reporting fair-to-poor pain 
relief was unchanged over time. 
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Table 1 Percentage of patients reporting moderate-severe pain or severe pain as measured by the three different pain scales, unweighted for study size 


VAS=visual analogue scale, VRS=verbal rating scale 


Number of 
studies 
VAS pam score only 
Moderate-severe at rest 64 
Moderate-severe on movement 25 
Severe 31 
VRS pain score only 
Moderate-severe at rest 73 
Moderate-severe on movement 9 
Severe 47 


Combined VAS and VRS pain score 
Moderate-severe at rest 
Moderate-severe on movement 
Severe 





Mean (%) Standard Range 
reporting pain deviation 
Min Max 

35 26 0 100 
44 31 0 95 

9 9 0 44 
39 28 0 100 
38 29 0 78 
13 16 0 73 
37 27 0 100 
41 30 0 95 


Table 2 Percentage of patients reporting moderate-severe pain or severe pain, as measured by all three pam scales combined, weighted for study size 


VAS=visual analogue scale, VRS=verbal rating scale 


Combined VAS and VRS pain score Number of studies Mean (%) reporting pain Standard error 95% Confidence interval 
Moderate-severe at rest 136 29.7 1.7 26 4-33 0 
Moderate-severe on movement 33 322 3.7 24 8-39 6 
Severe 78 109 1.3 84134 


Premature epidural catheter dislodgement 


We have confined our analysis to the incidence of catheter 
loss as we felt that unilateral block and missed segment 
represented technical difficulties with instigating the block. 
The overall mean (95% CI) incidence of premature epidural 
catheter dislodgement based on 13 629 patients from 32 
studies was 5.7 (4.0-7.4)%. 


Discussion 
How much pain is acceptable after surgery? The evidence 
from this review indicates that the overall incidence of 
severe pain reported in the literature is 11%. This contrasts 
with the Audit Commission’s (UK) recommendation that by 
2002 less than 5% of patients should experience severe 
postoperative pain. However, when considering a standard 
of care for pain mtensity case mix is important. Day surgery 
pain can result in mild or no pain that can be managed by 
relatively sumple techniques and procedures including take- 
home oral analgesia and advice.!' This review was limited 
to those operations after which moderate-severe post- 
operative pain could be expected, namely major abdominal 
gynaecological surgery, major orthopaedic surgery, and any 
laparotomy or thoracotomy.!* Importantly, these operations 
would all be in the remit of the pain service and would 
generally require postoperative analgesia by i.m. analgesia, 
PCA, or epidural analgesia. 

This review differs from a formal systematic review with 
meta-analysis in a number of respects. We did not confine 


Table 3 Numbers of published studies by year of publication 
1m =intramuscular, PCA=patient-controlled analgesia 


Publication date Method of analgesia Total 
im. PCA Epidural 
Pre 1974 1 0 0 1 
1975-1979 0 1 2 3 
1980-1984 5 4 I 10 
1985-1989 14 9 18 41 
1990-1994 1i 19 27 55 
1995-1999 0 16 23 39 


ourselves to randomized controlled trials and no attempt 
was made to grade individual papers according to quality. 
All of the studies used in the analysis were given equal value 
as we were not concerned with the conclusion of the 
individual study merely the incidences of pain intensity We 
feel that this approach is justified as we were not considering 
the results of published studies but were concerned with 
extracting the data from them. However, we did confine our 
search to English language publication because of the 
necessity to read in detail both the methods and results 
sections of each paper. This might be considered as a flaw 
although the large number of publications included will tend 
to reduce any tendency to bias. The hand search performed 
on four anaesthetic journals was designed to cross check the 
completion of the electronic search. As few new papers 
were picked up by this search method it was not extended to 
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Table 4 Percentage of patients reporting moderate-severe pam or severe pain by analgesic technique, weighted for study size “Cannot be estimated as 


numbers are too small i.m =intramuscular,; PCA=patient-controlled analgesia 





Analgesic technique Number of studies Mean (%) reporting pain Standard error 95% Confidence interval 
Moderate-severe pain at rest 
Lm. 29 672 44 58 1-762 
PCA 45 358 2.2 _ 314402 
Epidural 62 209 16 17.8-24 0 
Moderate-severe pain on movement 
Lm. 1 78.0 * bs 
PCA 10 253 75 8 4-42 1 
Epidural 22 379 36 30.445 4 
Severe pain 
1m. 21 29.1 49 18 8-39 4 
PCA 27 10.4 12 8.0-12 8 
Epidural 30 78 08 61-95 


Table 5 Percentage of patients reporting far-to-poor pain relief or poor pain relef by analgesic technique, weighted for study size. “Carnot be estimated as 


numbers are too small 1.m =intramuscular; PCA=patent-controlled analgesia 


Number of studies Mean (%) reporting pain relief Standard error 95% Confidence interval 

All subjects 

Poor 38 35 05 24-46 

Fair-to-poor 47 19.4 1.5 16.4--22 3 
% reporting poor pain relef 

1m. 5 16 1.3 a 

PCA 17 36 08 18-54 

Epıdural 16 5.2 07 37-68 
% reporting poor or fair pain relief 

im 12 21.3 35 13 6-29.1 

PCA 16 16.7 22 12 1-213 

Epidural 19 194 2.1 15.0-23.7 


other journals. Data extraction was undertaken by one 
author, because we did not need to confer over quality of 
each study, simply extract reported ıncidence. A degree of 
heterogeneity is inevitable in a review of this type. 
However, we feel that the large numbers of studies included 
and the small number of differences sought will reduce the 
likelihood of statistical heterogeneity. Also, we were 
mindful of the dangers of over interpretation inherent in 
searching for causes of heterogeneity. Indeed, it has been 
suggested that over investigating heterogeneity may be 
likened to subgroup analysis in individual trials.! 
Nevertheless, we have simply reported incidences of pain 
intensity, and refrained from formal statistical comparisons 
between analgesic techniques. With respect to clinical 
heterogeneity we found that the surgical case mix of the 
studies used was not only very similar between the three 
analgesic techniques but was also similar to that reported by 
Moriarty and colleagues’* and to the case mix of the Acute 
Pain Service in one of the authors’ hospitals (Table 6). We 
feel confident therefore that these findings mirror ‘clinical 
practice’. 

The evaluation of pain after surgery is complex. It is 
generally accepted that the visual analogue scale is more 
sensitive and more accurate in representing pain intensity 


Table 6 Surgical case mix of studies used in review: percent of papers 
published ın each surgical discipline by analgesic technique compared with 
audit data “Results of St George’s Hospital Acute Pain Service audit 
1998-1999 (unpublished) 


Analgesic technique Surgical discipline 
General Gynaecology Orthopaedic Thoracic 
(%) (%) (%) (%) 
im 59 13 10 18 
PCA 69 17 12 2 
Epidural f 56 6 11 27 
Moriarty et al.'* (n=1660) 69 4 14 2 
Audit data* (n=1571) 34 22 20 13 





than other single dimension pain scales. Nevertheless, 
verbal rating scales (mild/moderate/severe) are widely used 
clinically and have the advantage of reflecting some of the 
multidimensional nature of pain. There is evidence that 
visual and verbal scales are moderately well correlated.’* 
Other pain scores such as Magill Pain Questionnaire are 
rarely used for acute postoperative pain. 

Analgesic ‘failure’ has been described in various terms in 
different studies depending on which pain scale was used. 
Many studies using verbal rating scales regarded moderate 
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or severe pain in the postoperative period as representing 
inadequate analgesia. In studies that have used visual scales, 
scores more than 30/100 or 3/10, respectively, were the 
most uently used scores indicative of inadequate 
analgesia.'”'® Rarely lower scores (more than 20/100)!° 
or higher scores (more than 50/100)?° were used as 
endpoints to define inadequate analgesia. A visual score 
more than 70/100 was the most common endpoint to define 
severe pain, although more than 50 has been used.”! 
Another group has proposed that moderate pain on verbal 
score equates to a mean visual score of 49 mm, whilst severe 
pain equates to a mean visual score of 75 mm.’® 
Nevertheless, by analysing both visual and verbal scales 
separately we were able to demonstrate that, used in this 
way, these two scoring systems give broadly similar results, 
and can be used interchangeably. 

A number of studies recorded pain both at rest and on 
movement. It is unclear whether patients distinguish 
between pain at rest and pain on movement. This may be 
influenced by such factors as presence of persistent cough, 
need for physiotherapy, dressing changes, etc. It is probable 
that, when patients are asked to rate pain over the previous 
4h or at the end of 24 h, they may not distinguish between 
pain at rest and pain on movement, but may give an overall 
assessment. It was interesting to note that measurement of 
pain on movement occurred mostly in studies involving 
epidural analgesia and seemed of less concern to authors 
reporting results for other techniques. There were sufficient 
data to calculate an overall incidence only for pain on 
movement for moderate-severe pain, but not for severe pain 
alone. It seems from the literature that pain on movement 
was reported relatively infrequently and the calculated 
incidence of pain was associated with wide confidence 
intervals. For this reason we have limited conclusions and 
recommendations to pain at rest, which was available for 
both moderate-severe pain and severe pain, and was 
associated with narrower confidence intervals. 

A number of studies report not only pain intensity but also 
pain relief. Escape criteria such as the need for additional 
‘rescue’ analgesia have also been reported in some studies. 
The literature on pain relief after major surgery reports a 
wide range of effectiveness of analgesic techniques. It was 
unclear how to interpret the incidence of pain relief, as 
opposed to pain intensity. There were sufficient studies to 
calculate incidence of fair-to-poor pain relief and poor pain 
relief but confidence intervals were relatively wide. The 
incidences of pain relief do not match the incidences of pain 
intensity, either overall or for each analgesic technique. It is 
possible that the incidence of pain intensity is a more direct 
measure, as pain relief will presumably vary with initial 
pain intensity. 

Our findings that i.m. analgesia was associated with the 
highest percentage of patients experiencing inadequate 
analgesia support the general view that it is the least 
effective of the three techniques studied. Although using 
strict criteria for administration, im. analgesia can be an 


effective technique,” ” the literature suggests this does not 
occur in clinical practice. The rate of analgesia ‘failure’ 
after i.m. analgesia has received relatively scant attention in 
the literature; there were only 45 published articles (many 
acting as control groups for other techniques) with no large 
prospective studies as exist for both PCA and epidural 
analgesia. Epidural analgesia is generally considered more 
effective than PCA. Large prospective studies of epidural 
analgesia such as Scott report 17.4% analgesic failure?” and 
Stenseth reported 24-37% of patients after laparotomy 
experienced analgesic failure by their criteria.” Our review 
indicates a lower incidence of moderate-severe pain and 
severe pain when epidural was used (20.9 and 7.8%, 
respectively) compared with PCA (35.8 and 10.4%, respect- 
ively). The epidural figures are undoubtedly confounded by 
technical failures such as premature epidural catheter 
displacement, which we found to have an incidence of 
5.7%. Epidural analgesia does present some particular 
challenges to pain services. The rate of technical failure has 
been reported as high as 18.7% in the first 72 h.” In addition 
to premature catheter dislodgement, problems include 
unsuccessful placement, unilateral block, and missed seg- 
ments. When these problems occur on postoperative wards 
there may be no back-up analgesia provided, and it may take 
time for the problem to be recognized and an appropriate 
response initiated. 

We avoided any measures of patient satisfaction in this 
review, although some studies did report satisfaction rates. 
Satisfaction is complex and probably has contributions from 
many aspects of postoperative care, including effectiveness 
of analgesia, and perceived safety of analgesic technique 
and side-effects of treatment. While a number of studies 
have assessed patient satisfaction and measuring post- 
operative pain intensity, there was generally a poor correl- 
ation between the two. Patient satisfaction remains high 
even in the presence of moderate to severe pain.” 7°?’ The 
reasons for this are complex. Patients appear to expect some 
pain after surgery. Furthermore, in the presence of pain, 
patients are apparently satisfied by the fact that their health 
carers are attempting to provide pain relief even if the 
results are not always successful, as judged by postoperative 
pain scores. Satisfaction does not actually measure what 
happened after surgery, but only how satisfied the patient 
was about what happened. If patients are not aware that 
excellent postoperative pain relief is achievable then they 
may well be satisfied with less. Patients may not seek 
complete pain relief and so self-administer PCA to only 
moderate levels of pain relief.” In addition patients may 
report higher satisfaction for fear of offending those 
providing their postoperative care. Measuring patient satis- 
faction will, it seems, nearly always show high levels of 
satisfaction for pain relief after surgery, and it is not a 
particularly discriminating measure of success of a pain 
service. 

In summary, we present a review of published data on the 
effectiveness of acute postoperative pain management from 
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which it has been possible to calculate the incidence of 
moderate-severe pain and of severe pain after major surgery 
for each of the three commonly used analgesic techniques. 
Assuming a mixture of analgesic techniques the overall 
incidence of moderate-severe pain was 30% and the overall 
incidence of severe pain was 11%. For i.m. analgesia the 
incidence of moderate-severe pain was 67% and that of 
severe pain was 29%. For PCA, the incidence of moderate- 
severe pain was 36% and that of severe pain was 10%. For 
epidural analgesia the incidence of moderate-severe pain 
was 21% and that of severe pain was 8%. The incidence of 
premature epidural catheter dislodgement was 6%. These 
incidences of pain are calculated weighted means and so it is 
possible to propose reasonable targets. We suggest that 
individual pain services should aim to achieve figures better 
than the above mean incidences. However, despite the 
significant reduction in the incidence of pain over time we 
would suggest that, based on these data, the UK Audit 
Commission’s standard of less than 5% of patients experi- 
encing severe pain after major surgery by 2002 may not be 
achievable. 


Appendix I 


United States Preventive Task Force levels of 
evidence 


Level 1 

Evidence obtained from systematic review of relevant 
randomized controlled trials with meta-analysis where 
possible (review with secondary data analysis). 


Level 2 
Evidence from one or more well-designed randomized 
clinical trial (RCT). 


Level 3 

Evidence from well-designed, non-controlled studies (pro- 
spective longitudinal study with/without specific interven- 
tion) or from well-designed case-controlled studies 
(retrospective study of a cohort with information pursued 
backwards in time). 
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Background. Clonidine is an a2 adrenergic agonist with analgesic properties. This study 
aimed to see If the addition of clonidine to morphine when given by patient-controlled analgesia 
(PCA) would improve analgesia beyond the first 12 h after surgery. 


Methods. Sixty patients undergoing lower abdominal surgery were recruited Into a random- 
ized double blind study. At the end of surgery Group C received an infusion of clonidine 4 ug 
kg over 20 min, PCA clonidine 20 ug and morphine | mg bolus. Group M received an infusion 
of saline and then PCA morphine | mg bolus. Pain, sedation and nausea and vomiting were 
assessed after 12, 24 and 36 h, and satisfaction with analgesia was assessed at 36 h. 


Results. Pain scores were significantly lower in Group C between 0 and [2 h, but thereafter 
there was no difference. Morphine consumption was the same for both groups until 24-36 h. 
Nausea and vomiting was significantly reduced in Group C between 0 and 24 h. Patients in 


Group C were significantly happier with their pain relief (four-point scale). 
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The morphine sparing effects of the O,-adrenoreceptor 
agonist, clonidine, have been well demonstrated at initial 
bolus doses of between 2 and 8 ug kg.’ Clonidine has 
been used successfully for supplementing analgesia intra- 
operatively,’ postoperatively” and in intensive care,’ 
although most studies have looked either at its immediate 
effect or its effect during the first 12 h after surgery. 
Clonidine has largely been delivered either orally (as a 
premedication), or as an i.v. infusion. One study 
compared clonidine epidurally with patient-controlled anal- 
gesia (PCA) but as the sole analgesic medication.’ Oral and 
i.v. modes of delivery have potential problems for post- 
operative pain relief. The absorption of oral analgesic drugs 
is unpredictable in the perioperative period, especially after 
major surgery. In addition, it may not be desirable to give a 
bolus of a vasoactive drug in the immediate postoperative 
period. Intravenous infusions overcome the problem of 
bolus doses by being titratable (although this is more 
difficult with clonidine because of its long elimination half- 
life), but this type of delivery needs greater nursing 
supervision, which may not be readily available on ordinary 
wards. 


PCA has been used extensively over recent years to titrate 
analgesia to need’ thus avoiding the potential problems of 
overdose. PCA is widely used in ordinary ward situations. 
This randomized double blind study was designed to see if 
the addition of clonidine to morphine in a PCA device 
would reduce postoperative morphine consumption when 
compared with morphine alone. The study followed patients 
for 36 h after surgery to see how long any effect could be 
maintained. Any associated reduction in nausea and 
vomiting was assessed. Although reduced nausea and 
vomiting have been demonstrated with clonidine usage 
before,” 1° ™ this study examined a very high-risk popula- 
tion i.e. females undergoing lower abdominal surgery. 


Methods 


With local research ethics committee approval, 60 patients 
between the ages of 18 and 75 yr were recruited to a 
randomized double blind study. All patients were ASA 
grade I or H, undergoing major lower abdominal or 
gynaecological surgery. Patients were excluded if there 
was a history of hypertension, ischaemic heart disease or 
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Morphine with or without clonidine for patient-controlled analgesia 


conduction disturbance, a history of depression or alcohol 
abuse, if they were taking antidepressants or B-adreno- 
receptor blockers, if they had impaired hepatic or renal 
function or a known sensitivity to opioids or clonidine. 

Patients were given oral and written information about 
the study, and written consent was obtained. They were 
instructed in the use of the PCA device at the preoperative 
visit. An Abbott Provider 5500™ device was used to deliver 
the study drugs. 

All patients were premedicated with temazepam 20 mg 
1.5 h before surgery and a standard anaesthetic was given. 
After pre-oxygenation, anaesthesia was induced with 
propofol 2 mg kg, droperidol 1 mg, fentanyl 1 ug kg 
and vecuronium 0.1 mg kg". Anaesthesia was maintained 
by 1-2% isoflurane in nitrous oxide and oxygen (ratio 2:1). 
Further boluses of fentanyl 1 pg kg? were given 
intraoperatively, up to a maximum of 4 pg kg", at the 
anaesthetist’s discretion depending on the type and duration 
of surgery. The total amount of fentanyl administered to 
each patient was recorded. 

Intraoperatively, patients were randomized into two 
groups: Group C received clonidine 4 ug kg™ in 100 ml 
of normal saline and Group M received 100 ml of normal 
saline. Both were given over 20 min when the surgeon 
started to close the abdomen at the end of the procedure. 
After surgery, patients in Group C received a bolus of 
morphine 1 mg and clonidine 20 ug with a 5 min lockout 
time and patients in Group M received a 1 mg morphine 
bolus, also with a 5 min lockout time. The PCA dose of 
clonidine was based on a 2 ug kg“! h’ infusion’? divided by 
seven (an audit was undertaken prior to commencing the 
study to assess the average number of PCA doses this group 
of patients needed in 1 h). Clonidine and morphine are 
physically and chemically compatible.’? Patients were 
studied for 36 h after surgery 

As soon as the patients were awake in the recovery room, 
their pain was assessed using a four-point verbal rating score 
(0, no pain; 1, mild pain; 2, moderate pain; 3, severe pain). If 
the pain score was 2 or above, a recovery nurse, who was 
unaware of the randomuzation, titrated morphine 2 mg at 
5-min intervals until the pain score was below 2. The PCA 
device, containing the appropriate study drug, was then 
connected to the i.v. infusion. Patients were assessed at 12, 
24 and 36 h after surgery and asked to score their worst pain 
since the previous assessment. These scores were all on 
movement in the bed. Morphine consumption at these times 
was recorded. 

After surgery, sedation was assessed on a four-point scale 
(0, awake and alert; 1, drowsy; 2, mostly sleeping; 3, 
difficult or impossible to awaken). Sedation scores were 
recorded 12, 24 and 36 h after surgery. 

The presence of nausea and vomiting was noted using a 
four-point scale (0, no nausea or vomiting; 1, mild nausea; 
2, severe nausea; 3, retching or vomiting), with all incidents 
being noted on the data collection sheet as they occurred. 
Patients with a nausea score of 2 or 3 were given cyclizine 


50 mg intravenously and odansetron 4 mg if this was 
unsuccessful. The number of patients who vomited and the 
severity of any episode in each 12 h time period were 
recorded. After 36 h patients were asked to score their level 
of satisfaction with their postoperative pain relief up to that 
time on a four-point scale (1, totally dissatisfied; 2, 
moderately dissatisfied; 3, reasonably satisfied; 4, totally 
satisfied with pain relief). 

The power calculation for the study was based on 
morphine consumption between 12 and 24 h after surgery. 
A retrospective survey of morphine consumption in patients 
undergoing hysterectomy revealed a mean of 30 (SD 12) mg 
morphine between 12 and 24 h after surgery. Using 
Altman’s Nomogram this gives a standardized difference 
of 0.83. To demonstrate a 30% decrease ın morphine 
consumption between 12 and 24 h after surgery, 60 patients 
would be needed for a study with a power of 0.8 to show a 
significant difference at the P<0.05 level. 

The patients were randomized by computer. Blinding was 
carried out by a doctor, not involved in the data collection, 
who made up syringes containing morphine with or without 
clonidine such that they appeared identical. Morphine 
consumption was analysed using Student’s unpaired t-test. 
The Mann-Whitney U test was used for pain. sedation and 
nausea and vomiting scores and x” analysis was used for the 
number of patients who experienced nausea or vomiting A 
probability level of <0.05 was considered to be statistically 
significant. 


Results 


There were no differences with respect to patient charac- 
teristics of the two groups (Table 1) Many more females 
than males were recruited as many were undergoing total 


Table 1 Patient characteristics and intraoperative fentanyl consumption 
(mean (SD or range) or ratio) 





Morphine Morphine 
and clonidine alone 
combined (n=30) 
(n=30) 
Age (yr) 42 (29-74) 47 (23-68) 
Sex (f:m) 255 255 
Weight (kg) 68 (12) 69 (10) 
Intraoperative fentanyl usage (ug) 179 (66) 191 (60) 





Table 2 Pain scores (median (range)) and morphine consumption and (mean 
(SD)) ın each 12-h period “P<0 05 


Time after Postoperative pain score Morphine consumption (mg) 





surgery 

h) Group C Group M Group C Group M 
12 1* (0-3) 3 (1-4) 32 (13) 36 (15) 
24 0 (0-2) 0 (0-2) 25 (12) 28 (14) 
36 0 (0-1) 0 (0-1) 15* (8) 21 (12) 
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Table 3 Incidence and severity of nausea and vomiting, and sedation scores (median (range)) ın each 12-h period. *P<0.05 








Time after Nausea and vomiting (n) Severity of nausea and vomiting Sedation scores 

surgery 

h) Group C Group M Group C Group M Group C Group M 
12 4* 11 0 (0-1) 0 (0-3) 2 (0-2) 2 (1-3) 
24 3% 11 0 (0-1) 0 (0-2) 1 (0-2) 1 (0-2) 
36 1 4 0 (0-1) 0 (0-2) 0 (0-2) 1 (0-2) 


abdominal hysterectomy. In the clonidine and morphine 
only groups, there were 23 patients having a gynaecological 
procedure, two female patients and five male patients 
undergoing a general surgical procedure. There was no 
difference in the dose of intraoperative fentanyl used 
between the two groups (Table 1). All patients were 
monitored fully throughout the study. No patients were 
withdrawn due to cardiovascular instability, and nor did any 
patient require intervention as a result of cardiovascular 
problems. 

Pain scores were measured on movement in the bed and 
the worst score in the time period recorded. These were 
significantly lower in the first 12 h in Group C (Table 2), but 
thereafter there were no differences. The doses of morphine 
used by the two groups can be seen in Table 2. For the first 
24 h, morphine consumption in the clonidine group was 
only marginally reduced and the reduction in consumption 
only achieved statistical significance during the final 12 h of 
the study. The incidence of postoperative nausea and 
vomiting was significantly reduced in Group C during the 
first 24 h (Table 3), although the severity scores were 
unchanged. There were no differences in the sedation scores 
between the two groups (Table 3). Patients’ satisfaction 
scores were significantly higher in Group C (median 4 
(range 2—4), compared with 3 (1—4) in Group M; P<0.05). 


Discussion 
In this study, the perioperative use of clonidine in addition 
to morphine produced improved analgesia during the first 12 
h after major surgery. However, there was no improvement 
after this time. There was no significant reduction in the 
amount of morphine consumed. The combination of mor- 
phine and clonidine were associated with a reduction in 
postoperative nausea and vomiting, the effects of which 
were seen for 24 h after surgery. Presumably the combin- 
ation of improved early pain relief and reduced nausea and 
vomiting in Group C led to the increased patient satisfaction 
in this group. 

The improved analgesia was not sustained past the first 12 
h after surgery ın this study. This may well have been 
because plasma clonidine concentrations were not sustained 
by the parameters set for the PCA device. Indeed, the 
enhanced analgesic effect may have been achieved by the 
clonidine loading dose alone. Future studies examining the 
use of clonidine analgesia after the first 12 h after surgery 





would probably benefit from measuring plasma clonidine 
concentrations. 

The use of perioperative clonidine in this study sig- 
nificantly decreased nausea and vomiting in a group of 
patients at high risk of experiencing this problem. Nausea 
and vomiting is a major problem after surgery, affecting up 
to 75% of patients, depending on their age and the type of 
procedure cared out.!* The reduction in nausea and 
vomiting associated with clonidine has been reported 
previously.” 1011 Clonidine has also been used to treat 
nausea and vomiting in a diabetic patient who had not 
responded to conventional treatment.'> In addition, ıt 1s 
known that patients undergoing chemotherapy experience 
anticipatory nausea and vomiting. This is thought to be due 
to noradrenergic activity. There have been pilot studies to 
look at this and, although differences were seen, further 
studies were thought to be needed.'® Anticipatory nausea 
and vomiting may also be a problem perioperatively, as 
many patients worry about feeling sick after their operation, 
especially if they have had the problem before. Again, it has 
been suggested that noradrenergic activity may be respon- 
sible for these symptoms. Plasma 3-methyl-4-hydroxy- 
phenlglycol, a metabolite of norepinephrine, is elevated 
during anxiety. Clonidine, acting at presynaptic 2 adreno- 
receptors, reduces noradrenergic activity’? and this may 
account for its effects on nausea and vomiting. Clonidine 
also has sedative effects. These are thought to be mediated 
by Oz adrenoreceptors in the locus coeruleus’” and it may be 
a combination of decreased norepinephrine activity and 
sedation that causes the antiemetic effect, particularly as 
midazolam and subhypnotic doses of propofol have a 
similar effect.'® The use of clomdine in a PCA may 
represent a strategy for dealing with a patient who states a 
history of previous severe nausea (with or without vomiting) 
that was resistant to treatment. 
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Background. Oral midazolam is widely used for preoperative sedation in children. We have 
studied the pharmacokinetics (PK) of both midazolam and its active !-hydroxy metabolite and 
their contributions to sedative effect in 45 children attending for day surgery. 


Methods. Blood samples (two per individual) were collected at the beginning and end of the 
surgical procedure. Plasma midazolam and |-hydroxymidazolam (1-OHMDZ) were measured 
by HPLC. Sedation score (score: |=awake, 2=drowsy/asleep) was recorded at the same time 
as the first blood sample. The population-PK software P-Pharm was used to analyse the data. 
Age, weight, sex, concomitant drugs, and the metabolic ratio, |-OHMDZ/midazolam were 
investigated as co-variates of the PK of midazolam and |-OHMDZ The pharmacokinetic- 
pharmacodynamic (PK-PD) modelling of the score in relation to plasma midazolam and 
1-OHMDZ was performed using logistic regression analysis. 


Results. A median dose of 0.5 mg kg”! was given to the children, median age 5 yr (range from 
9 months to 12 yr) and weight 21 kg (range 8-75 kg). Average concentrations of midazolam 
150 ng ml! and |-OHMDZ 90 ng mI”! were observed in the first plasma samples. These con- 
centrations resulted in ah odds ratio of 4 in favour of score 2 vs I. The best PK-PD model 
included both midazolam and |-OHMDZ as active moieties and predicted correct scores in 
86% of cases. 


Conclusion. Studies of midazolam should evaluate the contribution of |-OHMDZ to the 
overall PD effect. The metabolite |-OHMDZ has approximately half the activity of the parent 
drug and can compensate for at least part of the decreased effect due to increased midazolam 
metabolism. 
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Despite the lack of a product licence for the oral route of 
administration and associated indications, oral midazolam is 
commonly used for procedural sedation in children. 
However, presumably because of the difficulties ın obtain- 
ing multiple blood samples from a paediatric population, the 
PK-PD characteristics of midazolam for this indication are 
poorly characterized. Payne and colleagues! found that 
midazolam 0.45 mg kg! produced a sedative effect 
associated with plasma midazolam concentrations of 


40-100 ng ml", which is in agreement with more recent 
studies reporting average plasma midazolam concentrations 
of between 42 and 93 ng mI” after a 0.5 mg kg”! dose.*? 
A feature of the oral administration of midazolam is a low 
bioavailability of around 27-36%’ 4 as a result of first-pass 
metabolism in both the small intestine and the liver. Thus, 
midazolam is hydroxylated by intestinal and hepatic 
cytochrome P450 3A (CYP3A) in both the 1- and 4-pos- 
itions (1-OHMDZ, 4-OHMDZ). These metabolites are 
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subsequently glucuronidated and excreted in the urme. 
1-OHMDZ accounts for 50-70% of the metabolism of 
midazolam and is reported to be pharmacologically 
active.” Í Data obtained using saccadic eye movement and 
electroencephalographic changes as surrogate effects after 
separate i.v. injections of midazolam 0.1 mg kg™ and 
1-OHMDZ 0.15 mg kg™ suggest that 1-OHMD2Z is at least 
as potent as the parent compound, midazolam.® 

Studies of age-related changes in 1.v. midazolam kinetics 
have shown a prolonged half-life and a decreased weight- 
corrected clearance in neonates,’ an increased weight- 
corrected clearance to a maximum of 0.78 litre kg! h“! 
between 1 and 2 yr of age, and then a decline to adulthood 
values of 0.38-0.66 litres kg’ ht.’ 

We have studied the kinetics of both midazolam and 
1-OHMDZ in relation to sedative effect in 45 children (from 
9 months to 12 yr of age) who had received the drug orally 
for pre-procedural sedation. Age, weight, sex, concomitant 
drug therapy, and the plasma metabolic ratio (1-OHMDZ/ 
muidazolam=MR) were investigated as co-variables of PK 
parameters. Logistic regression analysis was used to define 
the PK-PD relationship between plasma midazolam and 
1-OHMDZ concentrations and a simplistic but clinically 
relevant sedation score (score). A sparse blood sampling 
strategy with subsequent population-PK analysis was used 
to overcome the problems associated with taking multiple 
blood samples from children. 


Methods 


Patients 


Forty-five children attending Sheffield Children’s Hospital 
for day-case surgery were studied. Informed consent was 
obtained from each child’s parent or legal guardian, and the 
study was approved by the South Sheffield Research Ethics 
Committee. Operative procedures included circumcision, 
inguinal hernia repair, insertion of suprapubic catheter, 
plastic surgery (skin tags, ear correction, extra digits), 
orchidopexy, in-growing toenails, and hyperspadia. 


Data collection 


Oral midazolam syrup (Special Products, Addlestone, UK) 
was administered to the patients as a pre-medication to 
alleviate preoperative anxiety. Age, sex, weight, biochem- 
ical renal and hepatic function tests, concurrent drug 
therapy, anaesthetic drugs administered, the dose of 
midazolam, and time of admimstration were recorded. 
Blood samples (5 ml) were collected from an i.v. cannula 
into lithium-heparin tubes and labelled with the time of 
collection. Samples were collected at the beginning of the 
procedure, before any anaesthetic drugs were admunistered, 
and at the end when the i.v. cannula had been cleared with 
saline, thus avoiding contamination of the samples by other 
drugs. Using a simple rating system (l=awake, 2=drowsy/ 


asleep), the anaesthetist recorded a sedation score (score) at 
the beginning of the procedure as the first blood sample was 
taken. The blood samples were centrifuged at 2000 g and 
4°C for 10 min and the plasma transferred into Eppendorf 
tubes for storage at -80°C pending assay. 


Drug and metabolite assay 


The HPLC assay was based on that of Carrillo and 
colleagues.'° Briefly, to 1 ml of plasma in a 15 ml screw 
top tube, 180 ng/50 ul of internal standard (diazepam), 1 ml 
of buffered glycine (0.75 M, pH 9.0) and 4 ml of methyl tert 
butyl ether were added. The samples were extracted for 
30 min on a horizontal shaker and then centrifuged for 
10 min at 2500 g The organic phase was transferred into 
conical glass tubes and evaporated to dryness at 37°C in a 
vortex evaporator (Buchler, New Jersey, USA) The residue 
was dissolved in 70 ul of mobile phase and 50 ul injected 
onto the column. 

The HPLC system consisted of a Spectroflow 400 pump 
(Kratos Analytical Systems, New Jersey, USA), a Rheodyne 
valve with a 200 ul injection loop, a Waters C18 pre 
column, an Ultrasphere ODS, 3 tm particle size, 75X4.6 
mm reverse-phase column (Beckman Instruments, 
California, USA), a Spectromonitor lil variable wavelength 
detector (Laboratory Data Control, Florida, USA) and a 
RES571.2 chart recorder (Venture Smith Industries, 
California, USA). A Hewlett Packard 931 integrator 
(Hewlett Packard, Waldbron, Germany) was also used 
alongside the chart recorder. The mobile phase was 
acetonitrile 40% v/v, methanol 5% v/v, and buffered acetate 
(pH 4.2) 55% v/v. HPLC was performed isocratically with a 
flow rate of 1.5 ml min“ and the eluant was monitored by 
UV absorbance at 240 nm The retention times of parent 
compound and metabolites were: 4OHMDZ (2.2 min), 
1-OHMDZ (2.7 min), midazolam (3.8 min), and diazepam 
(4.7 min). Standard curves for the assay of 44OHMDZ, 
1-OHMDZ, and midazolam passed through the origin and 
were linear over the range 0-200 ng mI’ with r? values of 
0.99. The coefficient of variation at 25 ng ml! (n=6) was 
better than 8% for all compounds and the limit of detection 
was 20 nmol (approximately 7 ng ml’). 


Data analysis 


As only two (and in one case three) data points were 
collected for each subject in the present study it was not 
possible to use a classical analysis to obtain PK parameter 
values. Therefore, a population-PK approach was applied. 
In the population approach all data from different individ- 
uals are fitted simultaneously and post hoc todividual kinetic 
parameters can be calculated with as few samples as one per 
individual. We used the software package P-Pharm (version 
1.5, InnPhase, France). The algorithm in P-Pharm is 
Bayesian in nature and utilizes an expectation-maximiza- 
tion-like algorithm’! '* for population parameter estimation 
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Fig 1 PK-PD model for midazolam and 1-OHMDZ. 


and subsequent estimation of post hoc values of individual 
parameters. 

Both one- and two-compartment models with first-order 
input were investigated to identify which model best 
described the midazolam data. The time-course of plasma 
midazolam was best described by a one-compartment model 
with first-order input. A non-uniform weighting (1/C*) on 
measurement error together with log normal population 
distributions of all PK parameters were assumed following 
an initial inspection of different statistical models. The oral 
clearance (CL/F), volume of distribution (V/F), absorption 
rate constant (ka) and absorption lag time (fag) were 
considered as primary parameters; secondary parameters 
(such as half-life) were calculated from the primary model 
parameters. Initial parameter estimates for fitting procedure 
were obtained from thé literature.’ 6 "° 

Age, weight, sex, concomitant drugs (carbamazepine, 
propofol, thiopentone, and inhalation anaesthetics), and the 
metabolic ratio MR, were investigated as co-variables for 
each of the primary parameters. MR was determined using 
the following equation: 


— (Cl41)1-oummz + C(l2) -ommz) X 3 
(C(t) vz + C(t)ypz) x 4 


where C(t;);-onmpz, C(2)1-onmpz: and C(t)mpz, C(t2)mpz 
are the concentrations of 1-OHMDZ and midazolam in the 
first and second plasma samples, respectively. This ratio 
was used as a marker of combined intestinal and hepatic 
CYP3A activity. The PK data for 1-OHMDZ were evalu- 
ated by a two-step link model for drug and metabolite.'* The 
model accounts for first-pass formation of 1-OHMDZ (fm 
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(1st)) and subsequent systemic formation (fm (sys)). The co- 
variate effects were investigated for each of the primary 
parameters related to the PK of 1-OHMDZ, namely fm(ist), 
fm(sys), and k(1-OHMDZ) (the elimination rate constant 
for 1-OHMDZ). A representation of the PK-PD model is 
shown in Figure 1. 

Assessment of ‘best fit among rival models was based 
on the Akaike Information Criteria! and visual inspection 
of the predicted vs measured concentration plots. The 
validity of the model was checked by inspection of 
residual distributions. The significance of co-variates was 
determined from stepwise multiple regression analysis (F 
values 25). 

Considering previous reports of fast onset of action and 
hence rapid transfer of both midazolam and 1-OHMDZ to 
the CNS (transfer half lives of around 1 min®), no transfer 
function was assumed between the systemic circulation and 
the CNS. The effects of midazolam and 1-OHMDZ on the 
score were analysed by logistic regression analysis using 
SPSS version 10.0 (SPSS Inc., Chicago, USA). The success 
of the model in predicting score was tested using the chi- 
squared test on the number of correct scores predicted. 


Results 


The median age of the patients was 5 yr (range from 9 
months to 12 yr), median weight was 21 kg (range 8-75 kg), 
and there were 22 females and 23 males. Midazolam dosage 
varied from 0.2 to 1.37 mg kg™ (median 0.5 mg kg™). The 
timing of the first blood sample was between 20 and 122 min 
{median 49 min) and the second between 40 and 200 min 
(median 85 min) after dose. 
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Pharmacokinetics 


Individual measured plasma midazolam concentrations 
(normalized for a dose of 100 pg kg!) are shown in 
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Fig 2 Individual (lines) and population (solid line) model fits to plasma 
midazolam concentrations following oral nudazolam admunistration to 45 
children (data are normalized for a 100 ug kg™ dose). 
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Figure 2, along with the Bayesian model predictions of the 
full concentration—time profiles and the mean profile for the 
population. The profiles for patients who had extreme 
values for one or more PK parameters are highlighted. The 
goodness of fit of the model to the experimental data is 
indicated in Figure 3. The residual concentrations against 
time were scattered randomly about zero indicating no 
systematic error. The population parameter values for 
midazolam PK are summarized in Table 1. 

Individual measured plasma 1-OHMDZ concentrations 
(normalized for a midazolam dose of 100 ug kg’) are 
shown in Figure 4, along with the model predictions of the 
full concentration—time profiles and the mean profile for the 
population. The best model was generated with log normal 
distributions for fm(1st), fm(sys), and k(J-OHMDZ). 
Predicted vs observed values for 1-OHMDZ concentrations 
are shown in Figure 5, and indicate the goodness of fit of the 
link model. The correlation between observed and predicted 
values for 1-OHMDZ was less than that for the parent drug. 
Similarly, the residual 1-OHMDZ concentration against 
time showed greater random scatter around zero than for 
parent drug, midazolam. However, no systematic error was 
apparent. The population parameter values for 1-OHMDZ 
are summarized in Table 1. It should be noted that, in the 
absence of information on the volume of distribution of 
1-OHMDZ, the values of fm(1st) and fm(sys) are not 
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Fig 3 Relationship between plasma midazolam concentrations generated Fig 4 Individual (lines) and population (solid line) model fits to plasma 


by the model (Y predicted) and those measured in individual patients (Y 
observed) (r7=0,996). 


1-OHMDZ concentrations following oral midazolam admunsstration to 45 
children (data are normalized for a 100 pg kg! dose of midazolam) 


Table 1 Median (upper and lower quartile) values of PK parameters for midazolam and 1-OHMDZ CL/F=oral clearance, V/F=volume of distnbution, 
ka=absorption rate constant, f,,~absorption lag time, kel=el:imimation rate constant for midazolam, fm(sys)=proportion of 1-OHMDZ generated from the 
systemic circulation, fm(1st}=proportion of 1-OHMDZ produced from the first-pass metabolism of midazolam, and k(1-OHMDZ)=elmination rate constant for 
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Fig 5 Relationship between plasma 1-OHMDZ concentrations generated 
by the model (Y predicted) and those measured in individual patients (Y 
observed) (r’=0.94) 


Table 2 Co-vanate analysis by stepwise multiple regression (F235). CL/ 
F=oral clearance, V/F=volume of distribution, ka=absorption rate constant, 
and MRauc=metabolic rato 


Kinetic Co-variable % Variation 
parameter explained 
CLIF MRauc 84 

VIF Propofol 9 

ka Propofol, thopentone 16 


identifiable. However, their ratio is. Accordingly it can be 
calculated that 37% of exposure to 1-OHMDZ is related to 
the metabolite formed during the first-pass metabolism of 
midazolam. 


Co-variates for PK parameters 


Stepwise multiple regression analysis (F2=5) of the co- 
variables revealed a number of correlations as summarized 
in Table 2. The MR was directly related to CL/F and 
accounted for 84% of the variability in oral midazolam 
clearance. Propofol administration was inversely correlated 
with V/F and directly with ka. The latter was also correlated 
with thiopental administration. There were no significant 
co-variables for the metabolite PK parameters. 

Weight, age, and sex were not significant co-variables for 
weight-corrected oral midazolam clearance, weight- 
corrected volume of distribution, ka or fag. The data for 
weight-corrected midazolam oral clearance were also 
analysed independently by weight assuming no effects 
from other co-vanables. This relationship is shown in 
Figure 6. The change in clearance with body weight (BW) 
was best described by a non-linear function: 


[(CLIF\BW=7.73*BW~ 371. 


Clearance (litre kg~! h-t) 





Body weight (kg) 


Fig 6 Relationship between weight-normalized oral clearance of 
midazolam and body weight in 45 children (r*=0 063; P=0 1) 


However, the 7? value (0.063) did not reach statistical 
significance (P=0.10). 


Pharmacodynamics 


Twenty-eight patients had scores recorded at the same time 
as the first blood sample as follows: score 1=11, score 2=17. 
Neither patient characteristics nor PK parameters were 
different between the 28 patients where a sedation score was 
recorded and the remaining 17 out of 45 patients where no 
score was recorded. Results of the logistic regression 
analysis of score in relation to plasma midazolam concen- 
tration alone and score and plasma 1-OHMDZ concentra- 
tion alone are shown in Figure 7A and B, respectively. The 
combined influence of midazolam and 1-OHMDZ concen- 
tration on score is shown in Figure 8. 

The logistic regression PK-PD models were compared 
using the —2 log likelihood values. A number of additional 
co-variables (age, weight, and MR) were introduced into the 
PK-PD analysis in order to ascertain the most parsimonious 
model. The results are summarized in Table 3. The 
prediction of score from 1-OHMDZ alone appeared to be 
a slightly better than for midazolam alone, but inferior to the 
model that assumed midazolam and 1-OHMDZ together 
contribute to the sedative effect. Age, weight, and MR were 
not significant co-variates in the PD analysis. The regression 
curves in Figure 8 give the probability of a response at a 
given drug/metabolite concentration. As seen in Figure 8, 
higher plasma concentrations of both midazolam and 
1-OHMDZ increase the probability of a higher sedation 
score. 

According to the parameter values derived from the 
logistic regression analysis describing the influence of 
midazolam (0.021) and 1-OHMDZ (0.048) on sedation 
score, it appears that 1-OHMDZ has a greater potency than 
midazolam. However, after considering the higher unbound 
fraction of 1-OHMDZ (0.106) vs midazolam (0.024),° the 
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Fig 7 Observed sedation score (symbols) and predicted probability of 
acore (line) with respect to plasma concentration of (A) midazolam and 
(B) 1-OHMDZ Closed symbols indicate those patients for whom the 
model successfully predicted score. 


relative potency of midazolam was calculated to be 1.9 
times that of 1-OHMDZ. 

Overall, the PK-PD model predicted the correct sedation 
score successfully in 86% of cases (P=0.01 and P=0.05 for 
scores 1 and 2, respectively). For the observed average 
plasma concentrations of 150 ng mI” (midazolam) and 
90 ng mi~’ (1-OHMDZ) the odds ratio was 4 in favour of 
score 2 vs 1. A simulation based on the PD parameters 
showed that a 50% increase in the current mean dose (from 
0.5 to 0.75 mg kg™') would result in an odds ratio of 275 in 
favour of score 2. 


Discussion 

The random nature of the sampling times in this study 
necessitated the use of sparse data analysis. Sparse data 
analysis from as few as 20-30 patients may be sufficient to 
perform a reasonable population PK study provided that 
the sampling times are not fixed but random.'©!” This 
methodology is well suited to clinical practice as it reduces 
the inconvenience to patients, particularly neonates and 
children and can thus be considered more ethical. 

The previous applications of population-PK analysis to 
midazolam have used a two-compartment model to fit i.v. 
data from neonates in intensive care. 18 Within the confines 
of the present study a one-compartmental model was 
sufficient and produced the best fit. It is a common 
observation that following oral administration of many 
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Fig 8 Observed sedation score (symbols) and predicted probability of 
score (line) with respect to plasma concentrations of both midazolam and 
1-OHMDZ. Closed symbols indicate those patients for whom the model 
successfully predicted score 


Table 3 Comparison of the logistic regression models, Score=sedation score 


Model -2 LL 
Score and midazolam 26 25 
Score and 1-OHMDZ 24.25 
Score and midazolam+1-OHMDZ 20.04 


drugs that display multi-compartment characteristics after 
i.v. injection, a single compartmental model is observed. 
This is because the absorption phase overlaps with the 
distribution phase.'! Our population PK estimates for 
midazolam using sparse data population PK analysis were 
in broad agreement with those from other paediatric studies 
where more intensive blood sampling was performed 
(Table 4). The estimated oral clearance in our study 
(2.7 litre kg" h!) was higher than values recorded in 
adult studies of between 0.51 and 1.2 litre kg”! h™!.1°?4 
Despite large variations between individual patients, 
predicted plasma midazolam concentrations from the final 
model were very close to the actual data. This large inter- 
patient variation was consistent with the observations of 
Marshall and colleagues.* The variability could not be 
explained by concurrent drug therapy or disease state but a 
direct relationship between MR and midazolam oral clear- 
ance was established. The latter was expected as the MR isa 
reasonably robust measure of gut and liver CYP3A activity. 
Rogers and colleagues” found that MR values derived from 
concentrations at 60 min after dosage explain 46% of the 
variability of midazolam clearance, and Lin and col- 
leagues** found that a 4 h plasma MR could explain 
between 80 and 91% of the inter-individual variability in the 
area under the curve of midazolam. Our median sample time 
was 70 min and we were able to explain 84% of the 
variability in post hoc estimates of oral midazolam clear- 
ance. In another study in 20 children, de Wildt and 
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Table 4 Clearance, volume of distribution, and elimmmation half-life of midazolam in children *Estimated from Ly clearance assuming an oral bioavailability 
of 0.27 CL/F=oral clearance, V/F=volume of distribution, and t;,.=elimination half-life 


Study Age range CLIF VIF hia Route 
(yr) (litre kg” hr) (litre kg”) (h) 

Present 9 months to 12 yr 2705 2205) 05 (045) Oral 
Toba and colleagues” 6-18 221)" 2.2 (04)* 075 (0.4) 1v. 
Payne and colleagues! 3-10 35012) 13 (06) 12 (0.3) Oral 
de Wildt and colleagues”? 3-16 20(16* 40 (44)* 25 (23) 1v 
Jones and colleagues?! 5-9 34(07* - 1.8 (0.5) 1v 
Rey and colleagues”? 1-5 - - 2.4 LV. 
Reed and colleagues” 6 months to 15 yr 230) 165 35 Oral 
Canillo and colleagues’? Adults 051 (018) 239 (09) Oral 


Table 5 Reported variability ın hepatic and intestinal CYP3A content *Relatıve units **From quantitative PCR analysis (transcripts per microgram of total 


RNA) AU intestinal data are normalized per unit of villin 


Study a Mean expression sD Range Fold difference 
(pmol (mg protein) ™*) 

Liver 

Shimada and colleagues” 30 96 51 

Shimada and colleagues”? 8 TI 34 37 8-143 0 38 

Guengench and colleagues*** 36 248 37 

Snawder and colleagues” 40 142 105 19 7-440 0 22.3 

Gentest Corp (Pelkonen and colleagues)*! 12 109 20 

Iribarne and colleagues’? 20 23* 1.2 0.4-49 102 

Forrester and colleagues”? 12 60 

Transon and colleagues™ 42 13 

Iyer and colleagues” 21 18 

Intestine 

Tarpalensuu and colleagues*® 13 1.4 03 08-18 22%* 

Paine and colleagues?” 20 30.6 (duodenum) 30-91 303 
22 6 (jejunum) 2.1-91 432 

Johnson and colleagues’? 74 108 485 1 3-23 19 


colleagues’? failed to show a relationship between MR and 
midazolam clearance, although there was a correlation 
between MR and age. 

Assuming that MR is a valid marker of CYP3A4 activity, 
a 10-fold inter-individual variability was observed within 
the children that we studied. This is in agreement with the 
majority of values reported in the literature (Table 5), The 
variability measured in MR observed after oral administra- 
tion of midazolam reflects variability in both gut and hepatic 
CYP3A4, which appear to be independently regulated.°* 
Inspection of our previous data on the development of 
enterocytic CYP3A4 in children,*® indicates an 11-fold 
range in expression in biopsy samples from 48 children aged 
1.25-12 yr (19 female). This is again in good agreement 
with the range of variability observed in MR. 

The correlations between propofol and V/F and propofol/ 
thiopental and ka, albeit low, are difficult to explain and 
may be spurious. Although propofol can decrease the 
systemic clearance of midazolam by 30-40%,” no effect 
was detected in this study as the first sample was taken 
before administering propofol. Age and weight were not 
Significant co-variates of weight-adjusted oral midazolam 
clearance. Two previous studies have found no age-related 
changes in midazolam weight-corrected clearance.’?*! 


Another study performed in a paediatric intensive care 
setting has shown a decreased weight-corrected midazolam 
clearance in children below 2 yr of age and an increased 
clearance from 3 yr.” 

When analysed independently of other co-variables, 
weight-adjusted oral midazolam clearance appeared to 
decrease exponentially with body weight (Fig. 6); a trend 
also observed for other CYP3A4 substrates such as 
carbamazepine.** A recent study has also shown decreasing 
oral midazolam clearance with age in children 6 months to 
16 yr old with age-related weight-adjusted clearance values 
comparable with our results.” The trend is confirmed by 
decreased oral midazolam clearance in adults.'?** An 
explanation for increased weight-normalized drug clearance 
in children of lower weight could be their greater liver 
volume relative to body weight. Thus, the liver represents 
4% of the body in 1-yr-old children compared with 2.5% in 
adults.“ 4 This alone could account for a 1.5-fold increase 
in clearance in children. An alternative explanation could be 
a higher concentration of catalytically active CYP3A4 per 
gram liver weight in children. However, Blanco and 
colleagues“ have shown that this is not the case. As oral 
midazolam is given at a standard dose of 0.5 mg kg?! to 
children up to 30 kg body weight, younger children may be 
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underdosed, although this may be partly offset by increased 
plasma concentrations of 1-OHMDZ in these patients. 

While Blumer “f considers that 1-OHMDZ shows only 
minimal biological activity, there is overwhelming evidence 
against this notion. £“ Indeed our results indicate that at 
the same plasma concentrations 1-OHMDZ contributes 1.9- 
fold more to sedation than midazolam. However, after 
considering the 4-fold higher unbound fraction of 
1-OHMDZ in plasma® the relative potency of 1-OHMDZ 
compared with midazolam decreased to 0.5. Thus, high oral 
midazolam clearance (resulting in the formation of the less 
active 1-OHMDZ metabolite) coupled with a decreased 
benzodiazepine receptor density in younger infants’? may 
lead to therapeutic failure in some paediatric patients. 

According to our analysis, about 37% of the 1-OHMDZ 
formed appeared to be generated during the first-pass of 
parent drug through the gut wall and liver. Thummel and 
colleagues? in a cross-over study of both intravenous and 
oral midazolam PK in 20 healthy adults, showed that both 
liver and gut contributed equally to the first-pass metabol- 
ism each removing 40% of available parent drug. The low 
value for first-pass generation of 1-OHMDZ in this study 
could be a result of lower intestinal expression of 
enterocytic CYP3A4 and subsequent intestinal first-pass in 
some of the younger children.°** Higher weight-adjusted 
liver volume in children?“ will have a disproportionate 
effect on the systemic (liver alone) compared with the first- 
pass production of 1-OHMDZ (sum of gut and liver). 
Therefore, the relative value for the proportion of metabolite 
generated on first-pass calculated from fm(1st)/(fm(1st}+- 
fm(sys)) will be reduced. 

The separate i.v. administration of active metabolites, 
such as 1-OHMDZ, is the gold ‘standard technique for 
assessing the in vivo activity relative to parent compound. 
However, these studies are difficult to justify in children. 
Other approaches include inhibition of the metabolic 
pathway that is responsible for the formation of the 
metabolite,>'°? or investigation of the pharmacological 
effect in sub-populations who are genetically deficient with 
respect to the biotransformation pathway that produces the 
active metabolite.” Alternatively, PK-PD modelling, based 
on either inter-individual or intra-individual differences in 
the plasma concentration—time profiles of parent drug and 
metabolite, can be used without disruption of drug metabol- 
ism or the use of phenotypic groups. We have used such an 
approach to estimate the contribution of dihydromorphine to 
the analgesic effect of dihydrocodeine,'* and now extend it 
to assessing the relative sedative activity of midazolam and 
1-OHMDZ. 

In developing the PD model we omitted a delay function 
between concentrations in plasma and the effect compart- 
ment (CNS). However, it has been shown that this transfer 
half-life for both midazolam and 1-OHMDZ 1s very short 
(0-5 min)° **°> and will not have a significant impact on the 
2-level sedation endpoint. A similar logistic regression 
model for sedation score was recently applied to data for 


adult patients receiving a continuous i.v. infusion of 
midazolam.>° However, the latter study failed to account 
for the effects of active metabolites. 

For the 28 patients who were assigned a sedation score 
after administration of midazolam, 11 patients had a score 
of 1 (awake) and 17 a score of 2 (drowsy/asleep). Previous 
reports on response rates to similar oral midazolam doses 
have related the effects to ablation of anxiety.7°’*? Our 
scoring system was not directly comparable with those used 
in these reports as the authors combined all patients who 
were asleep, drowsy, or awake but not anxious to form one 
single group of ‘patients with some response’. These reports 
indicated a response rate of between 80 and 90%, albeit 
response varying from being calm to asleep.?>”~>? By sub- 
dividing score 1 from our records into those who were 
anxious (n=2) and those who were calm (n=9) it appears that 
an overall 93% (26/28) achieved some type of response in 
our study. This is entirely consistent with previous 
reports.? 57-59 

Higher scores correlated significantly with higher plasma 
concentrations of midazolam and 1-OHMDZ, in agreement 
with the findings of Marshall and colleagues.* Nevertheless, 
if the aim is not to have any patients fully awake before the 
start of the operative procedure then a 50% increase in 
current dosage might be required. This would increase the 
odds ratio from 4 to 275 in favour of score 2 (drowsy, 
asleep). 

Children often present with anxiety pending an invasive 
procedure, and require rapid sedation without the discom- 
fort of i.v. administration. Accordingly, oral midazolam is 
the agent of choice used by many paediatric anaesthetists. 
However, a current issue with oral midazolam is the lack of 
a licensed formulation for oral administration to children, 
although a cherry flavoured formulation has recently been 
evaluated for use ın the USA (Versed Syrup, Roche 
Laboratories Inc., Nutley, NJ). This has been assessed in a 
multi-centre randomized, double-blind, parallel group, dose 
ranging trial and found to be effective in sedating 80% of 
patients within 30 min.? Although an oral midazolam 
preparation is now commercially available in the UK as a 
‘special’, this does not have a product licence. 
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Pharmacokinetics of 0.75% ropivacaine and 0.5% bupivacaine 
after ilioinguinal—iliohypogastric nerve block in children’ 
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Background. Blockade of the ilioinguinal and iliohypogastric nerves is a useful procedure in 
paediatric patients undergoing inguinal surgery. Bupivacaine 2 mg kg! has been recommended 
for this block. We compared the plasma concentrations of ropivacaine and bupivacaine follow- 
ing an ihoinguinalliohypogastric block. 


Methods. Forty children scheduled for elective Inguinal surgery were randomized to receive 2 
mg kg! of either 0.75% ropivacaine or 0.5% bupivacaine. Surgical anaesthesia was maintained 
with mask inhalation of oxygen, nitrous oxide and sevoflurane. Venous blood samples were 
drawn at regular intervals for up to 2 h and plasma was separated. Total venous plasma concen- 
trations were determined by gas chromatography. 


Results. The groups were similar with respect to age, welght and dose of local anaesthetic. 
The peak plasma concentration achieved was significantly higher in the bupivacaine group 
compared with the roplvacaine group (2.2 vs 1.2 ug ml”!, P=0.025). The time to peak plasma 
concentration was significantly shorter In the bupivacaine group (24 vs 35 min, P=0.024). The 
Initial distribution half time of bupivacaine was significantly shorter (3.6 vs 6.5 min, P=0.020) 
compared with that of ropivacaine. 


Conclusions. Bupivacaine Is more rapidly absorbed from the injection site and leads to higher 


plasma concentrations than ropivacaine. 
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Ropivacaine is the first S-enantiomer ammoamide local 
anaesthetic in clinical use. It has been found to cause less 
cardiac and central nervous system toxicity than 
bupivacaine.'* Blockade of the ilioinguinal and iliohypo- 
gastric nerves with bupivacaine is a useful procedure that 
provides postoperative analgesia in paediatric patients 
undergoing inguinal surgery.* Bupivacaine 2 mg kg™! has 
been recommended for this block. Ropivacaine has been 
previously used in paediatric patients for caudal block.>~!? 

There are some physicochemical differences between 
ropivacaine and bupivacaine. They have almost identical 
dissociation constants, but ropivacaine is marginally less 
tightly bound to plasma proteins and its apparent lipid 
solubility is approximately half of that of bupivacaine. !2-!* 
Plasma levels of bupivacaine and ropivacaine in children 
have been previously compared following caudal adminis- 
tration.” 8 There are no comparative data available on their 


plasma levels following an ilioinguinal—iliohypogastric 
block. This study was undertaken to compare the total 
venous plasma concentrations of similar doses of ropiva- 
caine and bupivacaine following  ilioinguinal— 
iliohypogastric blockade in children. 


Methods 


After written informed parental consent and approval by the 
Oulu University Hospital Ethics Committee, 40 ASA I 
children, aged 2-16 yr and scheduled for elective inguinal 
surgery, were enrolled to receive 2 mg kg™ of either 
ropivacaine or bupivacaine. The children were premedi- 





The results have been presented at the Scandinavian Society of 
Anesthesiology and Intensive Care Medicine annual meeting in 
Tromssa, Norway, 2001. 
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Ropivacaime and bupivacaine ın nerve blockade 


Table 1 Patient characteristics m the two treatment groups The data are 
expressed as mean (SD or range) The volume of local anaesthetic per kg of 
body weight was significantly higher m the bupivacame group *P = 0 006 
bupivacaine vs ropivacaine 





Parameter Bupivacaine Ropivacaine 
(n=20) (n=20) 

Age (yr) 59 (29-126) 7.6 (23-127) 

Weight (kg) 23 7 (24) 275 (9 4) 

Height (cm) 117 0 (17 0) 124 1 (16 9) 

Volume of local anaesthetic 0 39 (0 005) 0 29 (0 06)* 


per patent weight (ml kg) 


cated with oral midazolam 0.4-0.5 mg kg™ and randomly 
allocated to receive either 0.75% ropivacaine (Naropin, 
Astra, Finland) or 0.5% bupivacaine (Marcain, Astra, 
Finland). The administration of the local anaesthetic was 
not blinded. The treatment allocation codes were placed in 
sealed envelopes, and for each consecutive patient, the 
anaesthetist opened the next envelope in order. 

The patients underwent ECG, end-tidal CO, concentra- 
tion (E’co,) monitoring, non-invasive arterial pressure 
measurements and pulse oximetry. In all cases, anaesthesia 
was maintained with sevoflurane and nitrous oxide in 
oxygen by facemask inhalation, with spontaneous venti- 
lation. 

After mduction of anaesthesia, ilioinguinal—iliohypo- 
gastric nerve blockade was performed with a 22-gauge 
short bevelled needle. The local anaesthetic was injected at 
a point that was 1-2 cm medial and inferior to the superior 
anterior iliac spine under the fascia of the external oblique 
muscle. If the calculated volume of local anaesthetic was <4 
mal, it was diluted with saline up to 4 ml. All blocks were 
performed by experienced paediatric anaesthetists (J.K., 
K.K.). 

Venous blood samples of 5 ml were drawn for the 
determination of total drug concentrations at 2, 5, 10, 20, 30, 
40, 50, 60 and 120 min after the dose. Care was taken not to 
exceed 5% of the estimated blood volume of the patient. The 
blood samples were immediately centrifuged at room 
temperature, and the plasma was separated and stored at 
-20°C until analysis. 

The total concentrations of ropivacaine and bupivacaine 
bases in 1 mi of plasma were measured by gas chromato- 
graphy." All samples were measured in duplicates with 
intra-pair variations (SD) of 4.0 (3.0)% and 3.4 (3.5)% for 
ropivacaine and bupivacaine, respectively. 

The peak measured plasma concentration (Cmax) and the 
time to reach Cmax (Tmax) were estimated from the 
individual observed plasma concentration time profiles. 
The initial distribution and elimination half-lives were 
calculated from the linear phases of the semilogarithmic 
concentration—time curves. The area under the 
concentration—time curve (AUC) was calculated from 
the individual concentration-time curves according to the 


Table 2 Pharmacokinetic parameters following iloinguinal-thohypogastric 
blockade with bupivacame or ropivacaine. The data are expressed as mean 
(SD) Cmar = the maximum measured plasma concentration, Timas = time to 
the maximum measured concentration, Toa = inital distribution half ume, 
AUC = area under the concentrationtume curve from 0-120 min, calculated 
from the individual concentration—time curves according to the trapezoid 
tule A P-value of <0 05 ıs considered statistically significant 





Parameter Bupivacaine Ropivacaine P-value 
Cmax (Hg mi™ 22 (10) 15 (0.8) 0 025 
Tmax (0) 24 (11 9) 35 0 (15 4) 0024 
To. (min) 36 (18) 6.5 (44) 0 020 
AUC (min pig m7!) 189 6 (89 5) 115.3 (68 1) 0025 


trapezoid rule.’© Differences between the groups were 
compared by the Mann-Whitney test, with a P-value of 
<0.05 considered statistically significant. The SPSS for 
Windows statistical package was used. 


Results 


Patient charactenstics were similar in the two groups 
(Table 1). By chance, children in the ropivacaine group 
were slightly taller than those in the bupivacaine group The 
volume of local anaesthetic used per kg of body weight was 
higher in the buprvacaine group (0.39 vs 0.29 ml kg”, 
P=0.006). Dilution was required for only one patient in the 
ropivacaine group. The peak plasma concentration achieved 
was significantly higher in the bupivacaine group (2.2 vs 1.5 
ug ml~', P=0.025) (Table 2). The tıme to the peak plasma 
concentration was significantly shorter in the bupivacaine 
than in the ropivacaine group (24 vs 35 min, P=0.024). The 
initial distribution half time of bupivacaine was also 
significantly shorter (3.6 vs 6.5 min, P=0.020) compared 
with that of ropivacaine. The mean AUC from 0-120 min 
for bupivacaine was larger than that for ropivacaine (189 6 
vs 115.4 min pg ml', P=0.025). At all time points, the 
plasma concentrations of bupivacaine were higher than 
those of ropivacaine (Fig. 1). No opioid analgesics were 
needed during the anaesthesia in either group 


Discussion 

The concentrations of local anaesthetics used in this study 
were those used 1n routine clinical practice in our hospital 
Jlioinguinal—iliohypogastric nerve blockade with similar 
doses of 0.75% ropivacaine and 0.5% bupivacaine resulted 
in higher peak plasma concentrations and more rapid 
absorption of bupivacaine than ropivacaine. The volume 
of bupivacaine injected per kg of body weight was 1.5 times 
higher than that of ropivacaine. In addition to the total dose 
of local anaesthetic injected, the rate of absorption 1s related 
to the vascularity of the injected area, the concentration of 
local anaesthetic used and the volume of the space into 
which the injection is made. The higher volumes of 
bupivacaine injected mto the inter-fascial space partly 
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Figure 1 Mean (sD) venous plasma concentrations of bupivacaine (n=20) and ropivacaine (n=20) after iliomguinal—ilohypogastric blockade ın 
children. At 120 min, there were samples from 19 patients in both the ropivacaine and the bupivacaine groups The mean AUC for bupivacaine 1s 


significantly larger than that for ropivacaine. 


explain the higher bupivacaine concentrations obtained. 
Although the concentration of ropivacaine administered was 
higher, the plasma concentrations observed were lower than 
those of bupivacaine at the higher absorption rate of 
bupivacaine. This may be further explained by the higher 
lipid solubility of bupivacaine. 

Maximum total venous plasma concentrations of >2 ug 
mI! were achieved in 60% of the children in the 
bupivacaine group and 30% in the ropivacaine group. 
These concentrations of bupivacaine and ropivacaine are 
close to the reported maximum tolerated venous plasma 
concentrations of 2.1 pg ml“ and 2.2 ug ml’, respectively, 
as evaluated from i.v. administration to healthy volunteers.? 
A ‘full dose’ of 2 mg kg™ is probably not necessary for an 
ilioinguinal—iliohypogastric block, and further studies with 
efficacy data are required to determine the minimum dose 
required. Although the mean peak plasma concentration in 
the bupivacaine group was lower than the generally 
accepted safe maximum total plasma concentration of 
4 pg ml’, a peak concentration of 4.9 pg ml! of 
bupivacaine was observed in one child.” Such a high 
concentration may suggest that at least part of the injection 
might have inadvertently been administered intravascularly. 
However, no adverse effects were noted in any of the 
children in this study. It should be pointed out, however, that 
possible seizure activity may have been masked by the 
general anaesthesia, which is known to increase the 
threshold for seizures. 

There are only limited data available on bupivacaine 
concentrations following  ilioinguinal—iliohypogastric 
blockade. In previous studies, lower mean peak plasma 
bupivacaine concentrations of 0.79 ug ml? and 1.35 pg 
mI have been reported.'*!° In the study by Stow and 
colleagues, ‘$ however, a lower dose of bupivacaine (1.25 
mg kg’) was used. In the study by Epstein and coworkers, ! 


a dose of 2 mg kg of 0.25-0.5% bupivacaine was used, and 
their study series included younger and smaller children 
than those in our study. Furthermore, both unilateral and 
bilateral blocks were induced in their study. There were only 
eight patients who received unilateral blocks induced with 
0.5% bupivacaine similar to those used in our study. 
Although the volume of local anaesthetic per kg of body 
weight was similar to ours, the mean peak plasma concen- 
tration of bupivacaine was lower (1.45 ug ml’) than that 
measured in our study. They observed a peak plasma 
concentration of 2.3 ug ml™ in one patient. This could be 
explained by the fact that there is generally wide inter- 
individual variation between the plasma concentrations of 
local anaesthetics as well as their pharmacokinetic vari- 
ables.”° Our series of 20 patients included eight patients 
with a peak plasma concentration of bupivacaine lower than 
2 ug ml. In these patients, the mean peak plasma 
concentration was 1.3 ug ml’, which is similar to that 
found in the study of Epstein and colleagues. ! 

In contrast to ilioinguinal—iliohypogastric blockade, 
equal peak plasma concentrations of bupivacaine and 
ropivacaine have been measured following a caudal 
block.’ This has been explained by the lower rate of 
systemic absorption of bupivacaine from the caudal space. 
Furthermore, the concentrations of bupivacaine and ropi- 
vacaine measured in the present study were three times and 
twice as high, respectively, than those following caudal 
block.® In addition, the times to the peak plasma concen- 
tration were shorter for both bupivacaine and ropivacaine 
than those following a caudal block. It has been shown with 
bupivacaine that absorption from the caudal space is slower 
and results in lower plasma concentrations than following 
ilioinguinal—iliohypogastric blockade.'® The absorption 
rates at different sites of injection are known to be directly 
related to local blood flow and inversely related to local 


Ropivacaine and bupivacaine in nerve blockade 


tissue binding.”! The intrinsic vasoconstrictive effect of 
ropivacaine may slow down its absorption from the 
injection site while, in contrast, the vasodilative effect of 
bupivacaine enhances absorption.”*** It has been shown 
that plasma uptake is faster from more vascular areas, such 
as the intercostal space or the axilla, compared with the 
caudal space.”'™* A previous study showed that, due to its 
higher lipid solubility, bupivacaine ıs more intensively 
absorbed locally into the caudal space, preventing its 
systemic absorption.® Injection into the narrow inter-fascial 
space may enhance systemic absorption and partly explain 
the higher plasma concentrations of both ropivacaine and 
bupivacaine compared with those following injection into 
the caudal space. 

In conclusion, ilioinguinal—liohypogastric blockade with 
2 mg kg” of 0.5% bupivacaine led to a more rapid 
absorption and higher plasma concentrations than a similar 
dose of 0.75% ropivacaine. Furthermore, the rate of 
absorption and the peak plasma concentrations of both 
drugs were higher than those reported following caudal 
block. 
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Background. Accidental intrathecal injection of bupivacaine during epidural analgesia in labour 
remains a hazard, with the potential to cause total spinal anaesthesia and maternal collapse. 
Sacral block appears early after intrathecal injections compared with epidural ones, and we 
therefore used S| motor block to determine a safe and reliable test dose for epidural catheter 
misplacement. 


Methods. Mothers booked for elective Caesarean section were given various intrathecal 
doses of bupivacaine with fentanyl during routine combined spinal—epidural anaesthesia. 


Results. Using sequential allocation we found that the EDso for SI motor block 10 min after 
intrathecal injection was bupivacaine 7 mg with fentanyl 14 ug (95% Cl, 6.2-7.8 mg). We then 
used intrathecal bupivacaine 13 mg to look for the EDgs. We found the calculated EDy75 to be 
bupivacaine 9.7 mg with fentanyl 19.4 ug (95% Cl, 8.7—1 1.4). 


Conclusion. We conclude that testing for SI motor block 10 min after epidural injection of 
bupivacaine 10 mg is a reliable test to detect accidental intrathecal injection in the obstetric 


population. 
Br J Anaesth 2002; 88: 442-5 
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The accidental intrathecal injection of bupivacaine during 
epidural analgesia in labour remains a hazard, with the 
potential to cause total spinal anaesthesia and maternal 
collapse. The main features, which are said to distinguish 
between epidural and intrathecal injection, are rapid anal- 
gesia, excessive sensory block, early sacral block, intense 
motor block and hypotension in the latter. There have been 
no specific tests that have been shown to reliably differen- 
tiate between the two sites of administration. 

This study was designed to evaluate the use of S1 motor 
block as a reliable and easily reproducible clinical sign that 
will differentiate between an epidural injection and an 
accidental subarachnoid injection for labour analgesia. 

We used S1 motor block as our clinical test because 
during epidural anaesthesia there is a sequence of motor 
blockade, starting with an early lumbar motor block 
involving hip flexion, and then extending to a sacral 
motor block involving the plantar flexion of the foot. In 
spinal anaesthesia, early sacral anaesthesia is characteristic. 
In other words, S1 blockade appears early after an 


intrathecal injection and is the last dermatome to be affected 
after an epidural injection. Yarnell and colleagues! showed 
that after 10 ml of 0.25% bupivacaine, only 3% of mothers 
had S1 motor blockade. 


Methods 


With full local research ethics committee approval and 
patient written informed consent, we recruited mothers who 
were booked for elective Caesarean section at term with a 
singleton foetus. The anaesthetic technique was a combined 
spinal epidural (CSE). Exclusion criteria included maternal 
refusal, contraindications to regional technique, multiple 
pregnancy and complicated medical history including 
pregnancy-induced hypertension. 

I.v. access and routine monitoring were established in the 
anaesthetic room. The non-invasive arterial pressure cuff 
was set for a 2-min recording cycle. I.v. fluids were infused 
before and during the anaesthetic (Hartmann’s solution 
500-1000 ml). 
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S1 motor block as a safe, reliable test dose 


Table 1 Assessment of motor block A study responder was motor block of the ankle grade 2 or 3 (significant weakness of ankle plantar flexion) at 10 mm 


SLR, straight leg raise 








Grade of motor block Hip movement 
0 Normal 
1 Can SLR against a small downward pressure 
2 Cannot SLR against any downward pressure 
3 No ability to SLR 
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Sequence 


Fig 1 Responders and non-responders for S1 motor block after 
intrathecal bupivacaine showing the EDso with the 95% confidence 
bmits 


The CSE technique was performed in the sitting position 
at the L3-4 interspace, a standard 16 gauge Tuohy needle 
was inserted into the epidural space using loss of resistance 
to air and a 119 mm 27 gauge Becton-Dickinson pencil- 
point spinal needle was inserted through the epidural needle 
once the epidural space was located After injection of the 
study mixture, the spinal needle was withdrawn and the 
epidural catheter was inserted. The Tuohy needle was then 
removed and the mother placed in the full right lateral 
position. After 5 min, the block was assessed and the mother 
turned supine with a 15° left lateral tilt. At 10 mın, the block 
was tested again. 

The loss of resistance to air was used to increase the 
reliability of detecting that the intrathecal dose was injected 
into the subarachnoid space, rather than being misplaced in 
the epidural space. The CSE technique had to be technically 
perfect with free flow of cerebrospinal fluid seen at the first 
pass of the spinal needle and no spillage of the spinal 
anaesthetic on injection, for the patient to remain in the 
study. 

Arterial pressure was monitored non-invasively on a 2- 
mun cycle and ephedrine was used in 6-mg i.v. boluses if the 
mother felt light-headed or nauseous or if her arterial 
pressure fell by 20% from her pre-block base line. 

The study was divided into two parts. The first part was to 
determine the EDsg of S1 motor block, 10 min after spinal 
injection. The drugs used were 0.25% bupivacaine with 
fentanyl in a fixed ratio of bupivacaine 1 mg to fentanyl 2 
ug. We chose this drug combination to mimic the 
bupivacaine~fentanyl mixture that ıs in common use as an 





Ankle movement 





Normal 

Can plantar flex foot against some resistance 
Cannot plantar flex foot against resistance 
No plantar flexion 





epidural solution for labour analgesia. The first patient in the 
study was given intrathecal bupivacaine 3 mg with fentanyl 
6 ug. At 10 min there was no S1 motor block (non- 
responder), and the next patient in the study received 4 mg 
and so on until the next patient did have $1 motor block 
(responder) (Table 1). The next patient after a responder 
received bupivacaine 1 mg and fentanyl 2 ug less, while the 
next patient after a non-responder received bupivacaine 1 
mg and fentanyl 2 ug more. From this up-down sequential 
allocation, the EDs) for S1 motor block at 10 min was 
calculated after 20 patients. 

After the 10-min initial study period, the assessor decided 
if the block was adequate for Caesarean section. An 
adequate block was considered to be a T4-S1 temperature 
block and a T6-S1 light touch block, together with a dense 
motor lumber-sacral block. If the block was inadequate, 
increments of 0.5% bupivacaine 5 ml were injected into the 
epidural space at 5-min intervals until a satisfactory block 
was obtained, and epidural morphine 4 mg given for 
postoperative analgesia. 

The plan for the second part of the study was to use a 
fixed dose equal to roughly twice the EDso, derived from 
part one of the study, ın 60 patients. The choice of twice the 
EDs9 was based on the rule-of-thumb that sensitivity to 
injected drugs amongst the population ranges from half the 
ED» to twice the EDsọ. The number 60 was chosen on the 
grounds that if r patients did not respond, where r was zero 
or very small, the upper 95% confidence limit of non- 
responders” would be between approximately r+3 and r+6 
out of 60, i.e. an uncertainty of 5—10%. In fact, 62 mothers 
were given bupivacaine 13 mg (plain 0.5% bupivacaine 
with 26 ug of fentanyl) using the CSE technique. We chose 
13 mg rather than 14 mg because we did not want to deviate 
too far from our routine practice of bupivacaine 12.5 mg and 
fentanyl 25 ug for elective Caesarean section. S1 motor 
block was assessed at 10 min, as before. Epidural morphine 
was given for postoperative analgesia. 


Results 


Applying the formula of Dixon and Massey? to the 20 
patients in the first part of the study showed that the EDsp for 
S1 motor block at 10 min was bupivacaine 7.0 mg with 
fentanyl (95% CI, 6.2-7.8) (Fig. 1). 

In the second part of the study all the 62 patients given 
bupivacaine 13 mg with fentanyl had S1 motor block 10 min 
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Fig 2 Probability of response (S1 motor block at 10 mm after 
bupivacaine with fentanyl) against dose on a loganthmic scale Circles 
represent individual patients, with the circles at probability 0 being ‘no 
response’ and those at 1 being ‘response’ The largest circle represents 
the 62 patients receiving a 13-mg dose. The curve 1s the fitted logistic 
regression Error bars are the 95% confidence limits of the EDs, EDos 
and EDs7 5 


after intrathecal injection. Therefore, on the basis of those 
patients alone, the estimated incidence of non-responders to 
a dose of 13 mg is 0 with an upper 95% confidence limit? of 
3.6 in 62 patients i.e. a 2.5% risk that 6% of patients will not 
respond to 13 mg. 

Logistic regression analysis*> of the results for all 82 
patients made use of all the data. This confirmed the Dixon 
Massey result, EDs being 7.0 mg (95% CI, 6.2-7.8) with an 
estimated EDgs of 9.1 mg (95% CI, 8.2-10.6) and EDo7.5 of 
9.7 mg (95% CL 8.7—-11.4) (Fig. 2). 

Differences between the characteristics of the blocks and 
haemodynamic stability were seen after the two parts of the 
study. Statistical analysis was not performed because the 
groups were not randomized and are of unequal size. The 
data from patient number one has also been excluded from 
this part of the analysis, as she required ephedrine 39 mg 
following the smallest intrathecal dose of bupivacaine 3 mg, 
by far the largest dose of ephedrine of any patient in any part 
of the study. 

Fifty per cent of mothers in the first part required 
ephedrine with an average dose of 13.6 mg, whilst 75% of 
mothers in the second part of the study required on average 
17.3 mg. Nine of 10 mothers who developed hypotension in 
part one of the study, did so after the spinal injection and 
then tended to need more ephedrine during the epidural top- 
ups to maintain arterial pressure. Only one mother needed a 
small 6-mg dose of ephedrine after her epidural top-up; she 
did not require ephedrine after her intrathecal injection. A 
wide dose range of epidural 0.5% bupivacaine was given to 
supplement the intrathecal injection (0-25 ml (0-125 mg)), 
and the mean time to establish the final block height was 25 
min (range 15-50 mm). 

There were no excessive sensory blocks at final block 
assessment just before surgery commenced in the first part 


Table 2 Haemodynamic results and block charactenstics of the first and 
second parts of the study 


Parti Part2 

(n=20)  (n=62) 
Mothers requiring ephednne (n (%)) 10 (50) 46 (75) 
Mean ephednne use of those requiring ephedrine (mg) 136 17.3 
Final block to ice’ C6 or above (n (%)) 0 (0) 5 (8) 
Final block to light touch T2 or above (n (%)) 0 (0) 9 (14 5) 





of the study, where a maximum intrathecal dose of 
bupivacaine 9 mg was used, followed by incremental 
epidural top-ups. There was, however, an 8% incidence of a 
sensory block to ice at C6 or above, and a 14% incidence of 
block to light touch at T2 and above, in part two of the study 
where only the higher dose intrathecal injection was given 
(Table 2). 


Discussion 

This study has determined a safe test-dose that can be used 
in the obstetric population to reliably detect, after 10 min, a 
top-up that was intended for the epidural space but has been 
given intrathecally. A combination of rapid sensory block, 
motor block, hypotension and analgesia has previously 
alerted anaesthetists to the possibility of accidental 
intrathecal injection, but the reliability and discrimination 
of these tests has never been determined, and neither has the 
best and most discriminative time pernod for making an 
evaluation been assessed. This study has looked at only one 
element i.e. S1 motor blockade, to allow reliable early 
detection. We found that there is a very steep dose response 
curve for S1 motor block and that bupivacaine 13 mg was in 
excess of the EDo7 5. There was also a significant incidence 
of high sensory blockade and hypotension using bupiva- 
caine 13 mg, which could pose a problem if it occurred in a 
delivery room rather than theatre. 

Historically, the test dose contained a mixture of low 
volume high dose local anaesthetic and a vasoconstrictor. 
The vasoconstrictor was used as an indicator of an 
accidental intravascular injection.® A vasoconstrictor has 
never been shown to be very predictive of an intravascular 
injection and careful aspiration of the epidural catheter has 
now taken its place. The high concentration, low volume 
local anaesthetic that has traditionally been used, aimed to 
identify an accidental subarachnoid block before a high 
volume, high concentration local anaesthetic was given into 
the epidural space. 

It was suggested that an epidural test dose should be 
mandatory’ and Kumar and colleagues? recommended the 
use of 1.5 ml of 0.5% bupivacaine (7.5 mg). Prince and 
colleagues” '° suggested 1.6 ml of 0.5% bupivacaine (8 mg) 
plus 10 min waiting time in order to avoid false negative 
tests. Others’! recommended more than 10 yr ago that 10 ml 
of 0.125% bupivacaine (12.5 mg) is a safe and effective test 
dose. A review of the literature shows that obstetric 
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anaesthetists use a wide range of test doses on initial 
epidural placement! and previous research has suggested a 
number of regimen ranging from 1.5% lidocaine 3 ml (45 
mg) to 0.5% bupivacaine 3 ml (15 mg). No research has 
been able to demonstrate the safety and reliability profile of 
any of these regimen, or the exact test that should be 
performed. 

It is now accepted that the main determinant of a so- 
called test dose is the actual dose of local anaesthetic 
injected in the epidural space. In other words, it has been 
shown that when injected intrathecally, 0.1% bupivacaine 
10 mi (10 mg) results in the same spread and intensity as 2 
ml of 0.5% bupivacaine (10 mg).!° Therefore, the use of low 
volume, high concentration test doses are not necessary. 

Another potential danger of epidural analgesia in labour 
is that accidental intrathecal injection has been reported 
many hours after an apparently uneventful epidural block. 
Obstetric anaesthetists use epidural boluses of 5-50 mg of 
bupivacaine for labour pain.'! This wide range of doses 
would produce widely differing clinical pictures if the 
catheter migrated into the subarachnoid space. The use of 
10-mg top-ups can therefore be recommended for use 
throughout labour as they give reliable analgesia'* with a 
margin of safety. Routine assessment of the mother’s ankle 
plantar flexion can be taught to anyone giving the top-ups, 
allowing early detection of catheter migration. We feel that 
it would remain a valuable test even if there were some hip 
flexion weakness. 

A spin off from our study design was a comparison 
between low dose spinal anaesthetics followed by epidural 
top-ups and high dose spinal anaesthesia for Caesarean 
section. There was improved haemodynamic stability in the 
low dose group and fewer high blocks. The spinal blocks 
were easily supplemented by 0.5% epidural bupivacaine in 
the epidural space and in most cases there was only a few 
minutes increase in preparation time. We now use the low 
dose spinal anaesthetic technique with epidural top-ups, if 
reducing the risk of hypotension in the mother is important 
and there is no hurry to establish anaesthesia. 

This study looked at only one element, 1.e. S1 motor 
block, to allow reliable early detection of accidental 
intrathecal injection. Although we do not know what the 
incidence of S1 motor block is after bupivacaine 10 mg in 
the epidural space, we can assume it is very low as only 3% 
had S1 blockade after 25 mg of bupivacaine epidurally.' We 
found that there was a very steep dose response curve for S1 
motor block. The ED975 of 9.7 mg (95% CI, 8.7-11.4) 
approaches the result required for a reliable predictive test. 
Our initial guess of an EDgs from the EDs of approximately 


double the dose of bupivacaine grossly over-estimated the 
result. Individual doses of 13 mg, used in the second part of 
the study, would be more reliable, but there was a high 
requirement for ephedrine with a high incidence of exces- 
sive sensory and motor blockade. We recognize that the 
addition of fentanyl may have altered our results and that 
bupivacaine alone may have a different EDo7.s, but we felt 
justified in our study design because an opioid ıs very 
commonly added to bupivacaine for labour analgesia. 

We therefore recommend that epidural analgesia can be 
initiated with an epidural dose of bupivacaine 10 mg in a 
0.1% concentration with fentanyl, followed by testing for S1 
motor block at 10 min. Assessing the sensory spread of the 
block and the mother’s arterial pressure also remains 
important. If the test dose 1s negative, the same dose can 
be used to establish and then maintain full analgesia in 
labour as required. 
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Background. The effect of thoracic epidural block on splanchnic blood flow is unclear. It 
remains to be resolved rf sympathetic block, increases or decreases regional splanchnic blood 
flow and whether regional splanchnic flow becomes dependent on cardiac output or perfusion 
pressure. A clear understanding of the regional haemodynamic consequences of an epidural 
block may modify practice with respect to epidural anaesthesia. 


Methods. Fifteen patients, who underwent anterior resection for rectal cancer, had invasive 
intraoperative monitoring of arterial pressure, central venous pressure, cardiac output, Inferior 
mesenteric artery flow (Doppler flow probe), and colonic serosal red cell flux (laser Doppler 
probe), while an epidural block was established with local anaesthetic. In three consecutive 
time periods, arterial pressure was first allowed to fall (to a mean arterial pressure of 60 mm 
Hg), then treated with colloid fluid resuscitation and finally by vasopressors until the pre- 
epidural arterial pressure had been restored. 


Results. On induction of epidural block, there was a reduction In mean colonic serosal red 
cell flux to 65% and inferior mesenteric artery flow to 80% (mean) of pre-epidural levels. 
There was a strong association between mean arterial pressure and both measured inferior 
mesenteric artery blood flow (P<0.004) and colonic serosal red cell flux (P<0.0001). Changes 
in cardiac output were poorly associated with either inferior mesenteric artery blood flow 
(P=0.638) or colonic serosal red cell flux (P=0.265). Inferior mesenteric artery blood flow and 
colonic serosal red cell flux were restored to pre-epidural levels after arterial pressure had 
been improved with a vasopressor. 


Conclusion. Once intraoperative epidural block has been established, colonic serosal red cell 
flux and inferior mesenteric artery flow are more closely assoclated with changes in mean 
arterial pressure than changes in cardiac output. The measured reduction in colonic flow does 
not respond to an increase in cardiac output with fluid resuscitation, but requires the use of a 
vasopressor to increase arterial pressure; before colonic blood flow is improved. 
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Three arteries from the aorta supply the gastrointestinal 
system in man: the coeliac artery supplies blood to the 
stomach, liver and spleen; the superior mesenteric artery 
supplies the entire small intestine and the right side of the 
colon; the inferior mesenteric artery delivers blood to the 
hindgut (distal colon and rectum). Typically, blood flow 
through these arteries is 20-25% of the cardiac output, but 
the distribution of blood flow within the tissue layers of the 
intestine is not uniform.! In unfed animals at rest, blood flow 
to the mucosal layer is 70-80% of total flow at the expense 
of the sub-mucosal, muscular, and serosal layers. After a 


meal, blood flow to the intestine increases by as much as 
200%, and most of this increase is shifted to the mucosal 
layer by recruitment of previously closed capillaries.' The 
exact mechanism for this recruitment is unknown, but 
paracrine (e.g. vasoconstrictors—endothelin-1, platelet 
aggregating factor, vasodilators—endothelium-derived 
releasing factor, prostacyclin) and metabolic mediators 
(pH, Paco, Pao,) predominantly influence small vessels 
and hence may moderate changes in local mucosal flow. 
Larger vessels are under the influence of humoral 
(catecholamines, angiotensin I, vasopressin, serotonin) 
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and neural mediators (constriction; increased sympathetic, 
decreased parasympathetic tone and dilatation; decreased 
sympathetic tone and increased parasympathetic tone). 
These multifactorial control mechanisms are inter-related 
and the relative balance helps determine regional and local 
blood flow. 

To understand and possibly manipulate splanchnic blood 
flow may be clinically useful. It has been suggested that 
vasodilatation of the splanchnic vascular bed will improve 
splanchnic blood flow.™* This could be achieved by an 
injection of local anaesthetic into the thoracic epidural 
space, which would produce a dense sympathetic block (and 
a block of C and Ad pain fibres). A fall in arterial pressure 
usually follows, concomitant with peripheral arterial and 
venous vasodilatation. Vasodilatation of the splanchnic 
vascular bed would be part of this response. 

Epidural anaesthesia and analgesia are techniques com- 
monly used in association with major surgery to improve 
patient outcome.” However, there are divergent views on the 
true effect of epidural block on splanchnic blood flow.~'° 
Previous studies have relied on only two or three single time 
point measures, and thus have failed to combine continuous 
measurement of splanchnic blood flow with real time 
changes in arterial pressure, central venous pressure, and 
cardiac output. Recent studies*!° have used the less 
invasive technique of gastric tonometry to measure gastric 
mucosal PCO? as an indirect assessment of splanchnic blood 
flow. 

It is particularly difficult to study patients in the 
postoperative period with invasive techniques for splanch- 
nic blood flow measurement. We therefore designed an 
intraoperative study to directly measure the changes in 
inferior mesenteric artery blood flow and colonic serosal red 
cell flux, resulting from the initiation of epidural anaesthesia 
and the subsequent manipulation of arterial pressure and 
cardiac output with fluid and vasopressors. 


Patients and methods 


Fully informed written consent was obtained from 15 
patients (nine male, six female), age 46-85 yr (mean 66, 
median 72), who underwent anterior resection for rectal 
malignancy. This study was approved by the local ethics 
committee. Patients were excluded from the study if they 
had any pre-existing cardiovascular disease or were taking 
cardiovascular medication. All patients had 2 litres of 
normal saline with potassium chloride in the preoperative 
18 h to replace the fluid loss that occurred with the bowel 
preparation before surgery. 

After a standardized induction (propofol, fentanyl, 
atracurium) and maintenance of anaesthesia (ventilation, 
oxygen, air, isoflurane), an arterial line (for invasive arterial 
pressure monitoring), an internal jugular central venous 
catheter and a transoesophageal cardiac output probe 
(TECO1, Medicina) were inserted, followed by a thoracic 
epidural catheter at T9-10. Once surgery commenced, a 


laser Doppler probe (DRT4, Moor Instruments) was 
attached to the serosal surface of the sigmoid colon (to 
measure colonic serosal red cell flux) using a serosal suture 
and a Doppler ultrasound probe (OpDop) was positioned 
around the inferior mesenteric artery (to measure flow in the 
inferior mesenteric artery) following careful dissection of 
the artery and vein. From induction of anaesthesia to the 
beginning of the study, 1000 ml of Hartmanns solution was 
given to all patients. When all the monitors were in place 
and collecting data, the surgery was halted and the study 
commenced. The study composed of four consecutive time 
periods. 

è Period 0: 5 min of steady-state physiological data were 
collected. 

è Period 1: 0.5 mg kg™ (6-8 ml) of 0.5% bupivacaine 
was then injected down the epidural catheter. Arterial 
pressure was allowed to fall to a mean arterial pressure of 60 
mm Hg (systolic/diastolic approximately 95/50). 

è Period 2: a rapid fluid infusion of gelofusin was then 
commenced fast enough to prevent the mean arterial 
pressure falling below 60 mm Hg. The infusion was stopped 
when the central venous pressure and cardiac output had 
both returned to at least pre-epidural levels. 

è Period 3: up to three 2 mg bolus doses of methoxamine 
were then used over a 6-9 min period to return the arterial 
pressure to the pre-epidural level. Once this steady state had 
again been reached, data collection was terminated and 
surgery then completed. 

Physiological measurements from the monitors were 
recorded for the duration of the study period (29-40 min). 

The position of the probe for laser Doppler (DRT4, Moor 
Instruments) was adjusted to obtain the optimum signal 
strength and was then sutured onto the serosal surface of the 
bowel. Movement artifact is then eliminated by built-in 
software, which averages recorded values over 0.1 s time 
intervals. Continuous data of colonic serosal red cell flux 
was directly downloaded to a personal computer. During 
this study, red cell flux was measured continuously in 14 of 
the 15 patients. In one patient, data collection was unusable 
because of a failure of the event logging of therapeutic 
interventions. 

The measurements of inferior mesenteric artery blood 
flow were recorded every 15 s and averaged to give a figure 
for each minute time point of the study. Complete data were 
collected for 11 patients of the 15 patients in the study. In 
two patients, difficulty was encountered obtaining an initial 
signal because of arterial spasm after manipulation of the 
vessel as it was dissected to attach the probe. In a further two 
patients, an inability to measure flow was thought to be a 
result of atheromatous disease. 

Cardiac output data were averaged every six beats by the 
oesophageal Doppler and displayed. The data were stored 
within the software of the TECO1 and manually recorded at 
i min time point intervals. Heart rate, central venous 
pressure, systolic, diastolic, and mean arterial pressure were 
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manually recorded at 1 min time point intervals contiguous 
with the other data throughout the study period. 

The patient end tidal carbon dioxide (5-5.3 kPa) and end 
tidal isoflurane (0.8%) were maintained in all patients for 
the study period. Temperature was maintained at 36.5°C in 
all of the patients by use of heated under mattress and a 
heated over blanket, together with warming of i.v. fluids, 
commenced in the anaesthetic room. 

The study design reflected the local management for the 
commencement of an epidural anaesthetic and the treatment 
of a subsequent fall in arterial pressure. The hospital ethical 
committee had granted approval for all aspects of this study. 


Statistical analysis 


The values for heart rate, central venous pressure, arterial 
pressure, cardiac output, colonic serosal red cell flux, and 
inferior mesenteric artery blood flow were all transformed to 
a percentage of the mean value obtained from the steady 
state 5 min in period 0. The transformation of the data to a 
percentage of the mean value in period 0 was made because 
of the variation between the 15 patients in the actual 
measured base line blood flow using the two techniques. 
Because of the difference between patients in the duration of 
each of the time periods, the data selected for analysis were 
the mean of the last 5 min of each of the study periods 0, 1, 
2, and 3 for each physiological variable. 

Multiple regression was used to explore the associations 
between the independent variables heart rate, central venous 
pressure, mean arterial pressure cardiac output and the 
dependant variables colonic mucosal serosal blood flow and 
inferior mesenteric artery blood flow. This analysis was 
performed using the robust regression option in Stata 7.0. 
Using this option the standard errors of the coefficients in 
the regression model are estimated using the Huber-White 
estimator of variance. This allows one to relax the 
assumption of the independence of the observations. That 
is to say a valid estimate of the standard errors is obtained 
even if the observations are correlated. The current analysis 
was conducted on the basis of the observations being 
clustered by patient (i.e. observations from the same patient 
were not assumed to be independent). 

The ‘robust multiple regression’ was first performed for 
colonic serosal red cell flux (14 patients) with the vaniable 
heart rate, central venous pressure, mean arterial pressure, 
and cardiac output. A separate ‘robust multiple regression’ 
was then performed for inferior mesenteric artery flow (11 
patients) with the same variables, because of the different 
number of completed patient data sets for each of the two 
measurements of flow. 

This study was intended to be a pilot study of 20 patients. 
No power calculation was made because the changes in 
colonic blood flow were not predictable or consistent from 
previous studies.*’° Interim analysis showed consistent 
data, which were statistically significant after 15 patients. 


Results 


The median duration (95% confidence intervals (CD) of 
period 0 was 5 min; period 1, 12 (8-16) min; period 2, 9 
(5-13) min; and period 3, 8 (7-11) min. 

The objectives of the study to manipulate mean arterial 
pressure, cardiac output, and central venous pressure as 
described in the method section were achieved. In period 1, 
mean arterial pressure fell to 60 mm Hg in all of the patients, 
69% of the mean arterial pressure in period 0. At the end of 
period 2, cardiac output was 110% and central venous 
pressure was 107% of the values in period 0 in response to 
fluid therapy. The median (95% CTI) volume of gelofusin 
given during period 2 for the 15 patients was 875 
(700-1050) ml. At the end of period 3, in response to the 
vasopressor, central venous pressure had increased further, 
mean arterial pressure and cardiac output had returned to 
their pre-epidural levels. Of particular interest are the 
changes in colonic serosal red cell flux and inferior 
mesenteric artery blood flow measurements. In period 1, 
both measures of flow had a fall in association with the fall 
in mean arterial pressure. In period 2, there was minimal 
change in either flow measurement despite the increases in 
cardiac output and central venous pressure. Finally, in 
period 3, colonic serosal red cell flux and inferior mesenteric 
artery blood flow measurements increased with mean 
arterial pressure in response to the vasopressor (Figs 1 and 
2). 

It is clear from the multiple regression analysis that mean 
arterial pressure is the variable most closely associated with 
colonic serosal red cell flux (P<0.0001) (Table 1) and 
inferior mesenteric artery blood flow (P=0.004) (Table 2). 
Both colonic serosal red cell flux and inferior mesenteric 
artery blood flow are poorly associated with cardiac output 
(P=0.64, Table 1 and P=0.27, Table 2). There was one other 
significant association, inferior mesenteric artery flow with 
central venous pressure (P=0.015, Table 2). This could be 
accounted for by the continued increase in central venous 
pressure seen in period 3 in response to systemic 
vasoconstriction at the same time as there 1s an increase in 
inferior mesenteric artery flow. 

Diagnostic tests were performed subsequent to the 
multivariate analysis, the residuals were found to be 
normally distributed and these values were found to be 
independent of the predicted values. 

Although the results for arterial pressure have been 
presented as mean arterial pressure, similar associations 
exist for systolic and diastolic values. 


Discussion 

In previous published studies, splanchnic blood flow in 
patients is usually measured by indirect techniques which 
are then extrapolated to infer changes in actual blood flow. 
Methods commonly used are gastric tonometry (measures 
gradient between arterial and gastric mucosal Paco,), and 
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Percentage change 





Time period 


Fig 1 Graph of percentage change from period O for each parameter 
mean artenal pressure, cardiac output, central venous pressure, colonic 
serosal red cell flux (laser Doppler) at the end time points of penods 1, 2, 
and 3. Mean values, 95% CI. 


indocyanine green (measures hepatic extraction of indo- 
cyanine green from the blood). Such indirect measurements 
have evolved principally because of the practical difficulties 
of using highly invasive direct techniques in patients. In 
conducting this study in the operating theatre on patients 
whose segment of bowel is later removed as part of the 
surgery, it was possible to use direct measurements of actual 
colonic blood flow. i 

The laser Doppler (DRT4, Moor Instruments) was used to 
measure colonic serosal red cell flux. When light is emitted 
into tissue that contains moving red blood cells, light is 
reflected from the stationary tissue and Doppler shifted light 
is reflected from the red blood cells. The shifted and 
unshifted light are collected on a photodetector and a beat 
frequency is generated. In reality, red blood cells move at 
different velocities and the back scattered light creates a 
spectrum of Doppler frequencies. The magnitude of the 
Doppler shift depends on the product of the number of 
moving cells and their velocity. This measured quantity is a 
true estimation of blood flow.'’!? The relative changes in 
serosal and mucosal flows measured by laser Doppler are 
comparable’ and hence placement of the probe onto the 
serosa is valid in this study design and technically easier and 
safer than mucosal measurements. | 

The Operative Doppler (OpDop: designed in the 
Department of Vascular Studies, Bristol Royal Infirmary) 
was used to measure directly flow in the inferior mesenteric 
artery. The diameter of the artery to be studied is measured 
and a 10 MHz pencil ultrasound probe is held in the 
appropriate size cuff against the vessel. Blood flow is 
calculated from the mean blood velocity and the vessel 
internal diameter (derived calibration factor to compensate 
for uneven insonation of the lumen). As reported previously, 
if the vessel diameter remains constant at the point of 
measurement, then the mean velocity is directly propor- 
tional to blood flow." © 


Percentage change 





Time period 


Fig 2 Graph of percentage change from period 0 for each parameter 
mean arterial pressure, cardiac output, central venous pressure, inferior 
mesenteric artery blood flow (OpDop) at the end tme points of periods 
1, 2, and 3. Mean values, 95% CI 


The transoesophageal cardiac output probe (TECO1, 
Medicina) has undergone extensive validation studies. A 
probe 3 mm in diameter is inserted 35—40 cm into the distal 
oesophagus and is orientated to obtain the characteristic 
aortic flow signal. The area (integral) under each velocity— 
time waveform represents the stroke volume flowing in the 
descending aorta. Applying a nomogram that incorporates 
patient age, height, and weight enables an estimate of left 
ventricular stoke volume and hence cardiac output. 
Intraobserver variability is low and trend following is 
accurate over a wide range of flow and arterial pressure.'7 '* 
A recent study!’ highlighted the overestimation of cardiac 
output by oesophageal Doppler during lumbar epidural 
anaesthesia when compared with thermodilution tech- 
niques. The investigators in the present study were aware 
of this from our own preliminary work in preparation for 
this study. To choose the optimum measurement technique 
for cardiac output, oesophageal Doppler was compared with 
thermodilution in eight patients (over 18 months) in whom a 
pulmonary artery catheter was used for invasive cardio- 
vascular monitoring at laparotomy. After commencement of 
thoracic epidural anaesthesia and adequate fluid resuscita- 
tion a measured increase in cardiac output occurred with 
both techniques. The increase was greater with the 
oesophageal method (which measures velocity of flow in 
the descending aorta), but less so than the magnitude 
reported by Leather and co-workers’? who used an epidural 
placed at L2~3. The phenomenon is probably explained by a 
relative redistribution of flow between the upper and lower 
part of the body after the epidural was commenced and 
vasodilatation occurs. The investigators took the previously 
discussed observations into account, but selected the 
oesphageal Doppler, a much less invasive technique to 
measure cardiac output for the present study, as the main 
aim of the study was to observe the trend changes after the 
commencement of an epidural. 
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Table 1 Regression of robust standard errors of colomic serosal red cell flux 
(laser Doppler) with cardiac output, mean arterial pressure, heart rate, and 
central venous pressure 





Colonic serosal red cell flux Coefficient (95% CD) tvalue P>{t] 
Cardiac output —0 17 (-0.93, 0 59) -048 0 638 
Mean artertal pressure 10.2 (6 94, 13 55) 67 00001 
Heart rate -0.5 (-1 66, 0 64) -094 0.362 
Central venous pressure 093 (~3.23, 3 41) 0.06 0.952 
Constant 63 62 (-41.94, 169 19) 13 0.216 


Table 2 Regression of robust standard errors of inferior mesenteric artery 
blood flow (OpDop) with cardiac output, mean arenal pressure, heart rate, 
and central venous pressure 


Inferior mesenteric Coefficient (95% CD t value P>{t] 
artery blood flow 

Cardiac output 0 68 (-0 60, 1 96) 118 0 265 
Mean arterial pressure 11.78 (4 87, 18.7) 3.8 0 004 
Heart rate -1 73 (-3.82, 0.36) ~1 84 0095 
Central venous pressure -0 54 (-0.95, -0 13) -295 0.015 
Constant 144 8 (-5 3, 294 9) 215 0057 





The results of our intraoperative study demonstrate a 
strong association between colonic serosal red cell flux and 
inferior mesenteric artery flow with mean arterial pressure, 
when an epidural block has been established. The measured 
reduction in flow did not respond to an increase in cardiac 
output with fluid resuscitation but to an increase in vascular 
tone after the use of a vasopressor. 

To understand the cardiovascular response to a change in 
vasomotor tone, it is useful to consider that arterial pressure 
is a function of flow (cardiac output) and the total resistance 
of the individual organ and tissue beds arranged 1n parallel. 
Efferent sympathetic tone of organ and tissue beds modifies 
internal flow resistance. The gradation of sympathetic tone 
(skin / skeletal muscle > kidney > intestine > brain > heart / 
lungs) is determined by the density of alpha receptors in the 
arterioles. Basal tone after a complete sympathetic block 
would be in the opposite direction, as tissues with the 
highest density of alpha receptors would be most affected. 
After epidural anaesthesia at the mid-thoracic level, there 
will be a loss of sympathetic tone, especially in the skeletal 
muscle below the level of the block. This loss of tone may 
lead to a ‘steal’ phenomenon away from the colonic bed and 
increased flow into the maximally dilated peripheral 
vascular beds.”? At the same time the increase in venous 
capacitance will reduce cardiac end diastolic volume and 
cardiac output will normally fall. Any improvement in 
cardiac output (e.g. with i.v. fluid resuscitation) preferen- 
tially increases flow into the lower resistance vascular beds. 
In addition, the loss of vascular resistance in the peripheral 
vascular beds decreases the total arterio-venous pressure 
difference, arterial pressure falls and this may further reduce 
colonic blood flow. 


How do the findings reported in this study correlate with 
the results from other studies that compare splanchnic blood 
flow after epidural anaesthesia—analgesia? An improvement 
in splanchnic blood flow has been recorded in a similar 
study using intraoperative laser Doppler flowmetry meas- 
ured at the site of the colonic anastomosis’ and ın two 
studies with tonometry, one postoperative? the other in 
intensive care in septic patients." Using tonometry, in a 
group of patients after aortic aneurysm surgery, investiga- 
tors found no change in flow.® A further study’ demon- 
strated results closest to our reported results, a fall in flow 
measured by an electromagnetic probe placed on the 
superior mesenteric artery. Flow then improved after 
dopamine 4 pg kg” min. None of these studies®® 
involved the combination of two direct invasive measure- 
ments of flow and such comprehensive data collection. 
Neither did the previously reported studies®® control 
arterial pressure or manipulate fluid and vasopressors so 
tightly, compared with data presented in this study. 

The variation in the reported studies is still confusing. 
The level of the epidural and the dose of bupivacaine did, 
however, vary between studies and in patients within the 
same study. The only study in addition to our reported 
results, where a thoracic epidural is placed consistently 
(17-8 or T8-9), ıs the one which showed a fall in flow.’ 
This is probably very important; indeed two animal 
studies,”! 22 (which use direct invasive measurement to 
measure blood flow) suggest that if the thoracic epidural 1s 
placed high (T1-5),?’ or a lumbar epidural is used,” 
sympathetic block ıs incomplete. Incomplete block may 
lead to increased sympathetic activity and a lesser decrease 
in arterial pressure, because baroreceptor stimulation pro- 
duces increased splanchnic sympathetic activity and 
mesenteric venoconstriction.” Thus, as splanchnic tone is 
preserved, there is less change in arterial pressure and 
splanchnic blood flow is more stable.?” An epidural placed 
in the mid-low thoracic region causes a decrease in 
sympathetic activity, mesenteric venodilatation,~” a lower 
arterial pressure and reduced splanchnic blood flow. 

The study procedure described in this manuscript was as 
relevant to clinical practice as possible, but the study is too 
small to show any detrimental side-effects from a reduction 
in colonic blood flow and was not designed to do so. Indeed, 
it is not really possible to take this study model much further 
because of the intraoperative time limitations and ethical 
considerations. Further studies with regard to the haemo- 
dynamic control of colonic blood flow should probably be 
pursued in an animal model. Adequate colonic blood flow is 
critical to gut mucosal integrity and anastomotic healing. A 
study of pHi using tonometry at the site of the anastomosis 
after anterior resection, showed a decrease in pHi after 
commencement of a thoracic epidural block and then 
improvement on its cessation.” It is also possible that a 
reduced mean arterial pressure and hence a reduced colonic 
blood flow for a sustained period, may lead to an ischaemia 
reperfusion injury to the gut. This could precipitate bacterial 
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translocation, endotoxin absorption from the bowel and 
become a potential trigger of sepsis and septic shock. 

A common approach to the perioperative treatment of 
hypotension and reduced urine output associated with 
epidural block is i.v. fluid resuscitation. We have demon- 
strated difficulty in returning colonic blood flow to normal 
levels with fluid resuscitation alone after a single bolus dose 
of bupivacaine. In addition, the relative unresponsiveness of 
the renin—angiotensin system to hypotension and the 
increase in anti-diuretic hormone after sympathetic block”* 
could actually lead to fiuid retention and precipitate cardiac 
failure in susceptible patients, when given excess fluid 
resuscitation to restore hypotension and improve urine 
output. 

This study was carried out in the operating theatre with a 
combined general and thoracic epidural anaesthetic. The 
authors accept that the use of postoperative thoracic 
epidural analgesia tends to involve lower doses of 
bupivacaine but postoperative hypotension (systolic <100 
mm Hg) can still occur in up to 28% of patients.” 26 On the 
basis of the presented data, we postulate that hypotension 
associated with epidural analgesia should be dealt with 
promptly (this recommendation is included in the 2001 
Report of the National Confidential Enquiry into 
Perioperative Deaths’) and that vasopressor therapy be 
considered early if there is no improvement with intraven- 
ous fluids. Finally, to minimize haemodynamic conse- 
quences, epidural block should be confined to the fewest 
necessary segments avoiding splanchnic innervation 
(T8-L1) when possible.” 
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Background. Co-administration of small doses of opioids and bupivacaine for spinal anaesthe- 
sia reduces intraoperative discomfort and may reduce postoperative analgesic requirements in 
patients undergoing Caesarean section. Fentanyl and diamorphine are the two most frequently 
used agents in UK obstetric anaesthetic practice. 


Methods. Seventy-five healthy parturients scheduled for elective Caesarean section under 
spinal anaesthesia using hyperbaric 0.5% bupivacaine, were randomly allocated to additionally 
receive intrathecal fentanyl 20 ug, diamorphine 300 ug or 0.9% saline. Patients also received i.v. 
cyclizine and rectal diclofenac. 


Results. Less supplementary intraoperative analgesia was required by patients in either opioid 
group (4%) compared with the control (32%) (P<0.05). Twenty four hours after spinal injection, 
total mean (sD) postoperative morphine requirement was significantly lower if diamorphine 
was administered (31 (21) mg), in comparison with the other two groups (control 68 (26) mg; 
fentanyl 62 (26) mg) (P<0.05). Reduced visual analogue pain scores were evident 12 h following 
diamorphine, but observed only for | h after fentanyl when compared with the control 
(P<0.05). Mild pruritls was more common for 2 h after either spinal opioid (P<0.05), but no 
inter-group differences were observed for the remainder of the first 24 h. Patients displayed 
deeper levels of sedation both acutely and 12 h after administration of intrathecal fentanyl 
(P<0.05). 


Conclusions. Both intrathecal opioids reduce Intraoperative discomfort, but only 
diamorphine reduced postoperative analgesic requirement beyond the immediate post- 


operative period. 
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Small doses of opioids administered directly into the 
cerebrospinal fluid (CSF) have been found to be very 
effective in controlling symptoms of pain in many clinical 
situations.’ This technique has also been used in an attempt 
to minimize discomfort durng and after Caesarean 
section.” 4 However, beneficial analgesia has to be balanced 
against known adverse effects, including respiratory depres- 
sion, emetogenesis and pruritis. With many opioids 
currently available, agent and dosage selection are known 
to influence this risk-benefit balance. Recent work has 
indicated that intrathecal fentanyl is used by over 40% of 
UK obstetric anaesthetists; more than twıce as frequently as 
diamorphine. Both have been investigated in attempts to 
quantify their most effective doses when used for spinal 


anaesthesia for elective Caesarean section.’ ê However, 
there appears to be little information on whether one is more 
suitable than the other in this situation. 

The principal objective of our investigation was to 
compare the postoperative analgesic properties of fentanyl 
and diamorphine (in conjunction with bupivacaine), when 
administered at apparently optimum dosage. In the course of 
the study, we also examined the intraoperative and potential 
adverse effects of these intrathecal opioids. 


Methods 


Prior to commencing the investigation, approval was 
obtained from both the regional ethical and the hospital 
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research committees. Patients were selected from a cohort 
scheduled for elective Caesarean section, classified as either 
ASA I or IH, and having no specific contra-indications to 
receiving non-steroidal anti-inflammatory drugs. Written 
informed consent was obtained from each, after discussing 
the study objectives, patient-controlled analgesia (PCA) 
system and rectal diclofenac administration. Participants 
were randomly allocated to one of control, fentanyl or 
diamorphine groups using a sealed envelope technique. 
Patients were premedicated orally with ranitidine 150 mg 
the night before and 2 h prior to surgery, in addition to 
receiving 30 ml of 0.3 M sodium citrate immediately before 
being escorted to theatre. 

With the patient in the sitting position, i.v. access was 
established using a 16-gauge cannula, and a baseline non- 
invasive arterial pressure measurement taken. A fluid 
preload of 2 litres of warmed compound sodium lactate 
solution was then infused intravenously over approximately 
10 min, using a pressurized infusion device. After infiltrat- 
ing the skin and inter-spinous ligament over the L3/4 inter- 
space with 1% lidocaine 2 ml, the subarachnoid space was 
entered using a 24-gauge pencil-point spinal needle. Once 
free flow of CSF had been recognized, the intrathecal (i.t.) 
anaesthetic solution was injected over 20 s, aspirating CSF 
at the end of the injection to confirm needle position. All 
patients received 2.75 ml of hyperbaric 0.5% bupivacaine, 
in addition to 1 ml of unknown adjuvant, constituting a total 
volume of 3.75 ml. Patients allocated to the control group 
had 1 ml of 0.9% saline added to their bupivacaine. 
Similarly, patients in the fentanyl group had 1 ml of fentanyl 
20 pg mi”, and those in the diamorphine group had 1 ml of 
diamorphine 300 ug mI™*, added to the bupivacaine. 

The intrathecal adjuvant solutions were prepared prior to 
performing the spinal injection by a separate anaesthetist 
who had no further involvement with each patient. All were 
prepared under strict aseptic technique, using 0.9% saline 
where reconstitution and dilution were required. Once 
prepared, all were deposited into a sterile transparent bag, 
which was then sealed and labelled with the trial number. 
The solution was presented in a 2 ml syringe, 1 ml of which 
was added to the 2.75 ml of bupivacaine. Thus, the 
anaesthetist who managed each case was unaware of 
which solution had been administered. 

On completion of the spinal injection, the’ patient was 
placed in the supine position, with 15° lateral tlt (right hip 
uppermost). Arterial pressure was measured by an auto- 
matic non-invasive monitor at intervals of 1 min, until it 
became stable. Arterial pressure was monitored at 5-min 
intervals thereafter until the completion of surgery. If 
systolic arterial pressure decreased by 30 mm Hg from 
baseline (or to an absolute value of 90 mm Hg), or if the 
patient complained of symptoms indicative of incipient 
hypotension (e.g. nausea), i.v. ephedrine was administered 
in increments of 6 mg as required. 

The level of anaesthesia was deemed adequate for surgery 
when loss of cold sensation to ethyl chloride spray was 


evident from dermatomes L2 to TS. If the patient experi- 
enced discomfort during surgery, i.v. alfentanil was admin- 
istered in 250 ug increments as required for relief. After 
delivery of the neonate and clamping of the umbilical cord, 
i.v. syntocinon 10 i.u. was given. An attending paediatrician 
assessed the neonatal Apgar scores at 1 and 5 min after 
delivery. According to our usual practice, all patients 
received i.v. cyclizine 50 mg and diclofenac 100 mg per 
rectum after the completion of surgery. A urinary catheter 
was left in situ according to our unit policy, to be removed 
24 h later. 

Immediately following the procedure, patients were 
transferred to a dedicated recovery ward, and remained 
there for 1 h. At this point a Graseby 9300 PCA (Watford, 
Herts, UK) system was attached to a valved Y-connector in 
the intravenous fluid infusion line, close to the cannula. The 
PCA was set to deliver a 1 mg bolus of morphine upon 
demand, with a lock-out time of 3 min and no background 
infusion. Patients then returned to a six-bedded maternity 
ward, where they were under constant supervision by a 
midwife. Anti-emetic (intramuscular (i.m.) cyclizine 50 mg) 
and anti-pruritic (i.m. chlorpheniramine 10 mg) therapy 
were also prescribed, to be given every 8 h as required. No 
other analgesic medication was prescribed for the first 24 h 
following the spinal injection. After this time, the PCA 
device could be substituted for analgesics in the form of 
acetaminophen 1 g and codeine phosphate 8 mg orally 6 
hourly, and diclofenac 100 mg per rectum 16 hourly, as 
required. 

Formal assessment of the patients was conducted at 1, 2, 
6, 12, and 24 h after the spinal injection. Pain was recorded 
on a 0-100 mm visual analogue scale (VAS) using a ruler 
device donated by Napp Pharmaceuticals Ltd. (Cambridge, 
Cambridgeshire, UK). Nausea and pruritis were assessed on 
a modified four point ordinal scale.? Level of sedation was 
assessed using another four point ordinal scale. Both scoring 
systems are outlined in Table 1. 


Data analysis 


After discontinuation of the PCA system, the Graseby 9300 
device was interrogated by a link to a desktop computer 
using Hyperterminal® (Hilgraeve Inc., Monroe, Michigan, 
USA) supported by Microsoft™ Windows 98, in order to 
obtain the hourly morphine consumption data. Based upon 
previous work,’ a sample size of 25 patients per group was 
estimated to detect an inter-group difference of morphine 20 
mg requirement 24 h after intrathecal injection (a=0.05, 
B=0.8). Statistical tests were performed using SPSS™ v9.0 
and Graphpad Instat™ v3.05 for Microsoft™ Windows 798, 
and results are reported as absolute values, mean (SD or 95% 
confidence intervals), or median [inter-quartile range] or 
{range} where appropriate. At selected times after surgery, 
the morphine consumption and VAS pain scores of the three 
groups were compared using analysis of variance (with 
Bonferroni post-hoc analysis). Intraoperative ephedrine and 


453 


Cowan et al. 


Table 1 Ordinal scales used to assess severity of nausea, pruntis and level 
of sedation 


Nausea and pruritis assessment 


0 no symptoms 

1 mild symptoms, but not requesting treatment 
2 moderate symptoms, requesting treatment 

3 symptoms persisting desmte treatment 


Sedation assessment 


0 awake and alert 

1 drowsy, but responds to verbal stumulus 
2 drowsy, but responds to physical stimulus 
3 unresponsive 


alfentanil requirements, neonatal Apgar scores, and post- 
operative patient nausea, pruritis and sedation scores were 
analysed by a Kruskal—Wallis test (with Dunn’s post-hoc 
test). Categorical data were examined using x? analysis. A P 
value of less than 0.05 was considered statistically signifi- 
cant. 


Results 


Full data collection was achieved for all of the 75 patients 
that participated in the investigation. There were no 
differences with regard to patient age, body mass index, 
or duration of gestation between the three groups. In 
addition, there was no significant inter-group difference in 
terms of patients having undergone a previous Caesarean 
section (Table 2). 

Intraoperative analgesic supplementation was required in 
significantly more of the patients belonging to the control 
group (8/25; 32%) compared with either of the opioid 
groups (both 1/25; 4%) (Table 3). However, there were no 
differences in total amounts of ephedrine required to 
maintain normotension during the procedure (median 
values: control, 12 mg; fentanyl, 12 mg; diamorphine, 9 
mg). Similarly, the neonatal Apgar scores after 1 and 5 min 
were no different between groups (median values at 5 min: 
control, 10; fentanyl, 10; diamorphine, 10), although when 
assessed after 1 min, four neonates from the fentanyl group 
and one from diamorphine group had a score of less than 7. 

Morphine consumption from the PCA device was exam- 
ined on a cumulative and hourly basis (Table 4). When 24 h 
had elapsed after intrathecal injection, patients who 
received i.t. diamorphine had used significantly less mor- 
phine than those in the control and fentanyl groups (mean 
values: control, 68 mg; fentanyl, 62 mg; diamorphine, 31 
mg). Cumulative morphine consumption of patients who 
received fentanyl was significantly lower than those in the 
control group untl 4 h, but thereafter no significant 
difference was observed. 

Hourly morphine consumption is represented by the 2-h 
moving average and is illustrated in Figure 1. Patients in the 
fentanyl group used less analgesia than those in the control 


Table 2 Patient characteristics expressed as mean (SD) and proportions 


Characteristic Control Fentanyl § Diamorphine 
Age (yr) 315(46) 326(50) 30364 
Body mass index (kg m°?) 274 (33) 27986) 275(29) 
Gestation (weeks) 38.1 (0.6) 38.0 (0.7) 379 (0.9) 
Previous Caesarean section (yes) 68% 52% 76% 


Table 3 Intraoperative pain, ephedrine requirements, duration of surgery and 
neonatal Apgar scores, classified according to intrathecal group Results are 
expressed as absolute numbers (%), median [inter-quartile range] or {range}. 
§P<0 05 vs fentanyl, *P<0 05 vs diamorphine 


Observation Control Fentanyl Diamorphine 
Intraoperative pain (n (%)) 8 (32) # 1 (4) 1 (4) 
Ephedrine dose (mg) 12 [6-27] 12 [0-25] 9 [0-22] 
Spinal injection to end of 49 {30-56} 47 {30-50} 42 {25-54} 
surgery time (min) 

Apgar @ 1 min (score) 9 {8-9} 9 {6-10} 9 {6-10} 
Apgar @ 5 mun (score) 10 {9-10} 10 {9-10} 10 {9-10} 


Table 4 Summary of postoperative morphine requirements, classified 
according to intrathecal adjuvant. Results are expressed as mean (standard 
deviation) §P<0.05 vs fentanyl, *P<O 05 vs diamorphine 


Time Control Fentanyl Diamorphine 
(h) (mg) (mg) (mg) 
2 8.3 (9.3)t# 31(3.7) 2.9 (28) 
6 28.5 (12 V) 24 0 (12.6)t 12.5 (10.4) 
12 42.4 (18 3) 38 2 (18.5)? 17.7 (124) 
24 68 4 (26 6)! 61 6 (25.5) 31.3 (212) 


group for the first 3 h, but thereafter their hourly require- 
ments were no different. In contrast, those who received 
diamorphine used less hourly morphine than the controls 
until 19 h after spinal injection, with no difference 
thereafter. Patients who received fentanyl used significantly 
more hourly morphine than those who received diamor- 
phine from 4 until 20 h following the spinal injection. An 
exception exists between 13 and 16 h when no inter-group 
difference was evident. One hour following spinal injection, 
patients who received either spinal opioid complained of 
significantly less pain (Fig. 2), but by 2 h only those that 
received diamorphine were in less pain than those in the 
control group. No difference in pain scores was evident 
when examined at 6 and 24 h, but when assessed after 12 h, 
patients in the control group were in significantly more 
discomfort than those ın the diamorphine group. 

There were no recorded episodes of respiratory depres- 
sion (respiratory rate of less than 10 bpm) in any of the 
patients. In addition, there were no significant differences 
between patient groups in terms of respiratory rate through- 
out the 24-h observational period. Other adverse effects 
(sedation, pruritis, and nausea) were graded according to an 
ordinal scoring system (Table 1). Sedation appeared to be 
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Fig 1 Hourly morphine consumption in the 24 h following intrathecal 
myection subclassified by patient group. *P<0.05 vs fentanyl; TP<0.05 vs 
diamorphine 
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Fig 2 Visual analogue pain scores (0-100 mm) in the 24 h following 
intrathecal injection, subclassified according patient group (central bar, 
median; box area, inter-quartile range; whiskers, range) §P<005 vs 
fentanyl, 'P<0.05 vs diamorphine. 


more likely to occur in those patients who received fentanyl 
(Table 5). One hour after spinal injection, these patients 
exhibited a significantly greater degree of sedation than 
those in the control group. Additionally, when assessed after 
12 h, these patients appeared significantly more drowsy than 
patients in both control and diamorphine groups. One hour 
after spinal injection, the problem of itching’ was no 
different between patient groups, but by 2 h, those who 
had received either opioid were significantly more itchy 
than those who had not (Table 5). However, in only one of 
these patients was itching severe enough to require anti- 
pruritic treatment. From 6 h onwards, there were no 
differences in pruritis levels between any of the patient 


groups. Nausea and vomiting occurred relatively infre- 
quently (Table 5), with no differences observed between the 
patient groups. The highest incidence was observed in those 
patients who received fentanyl (24%), 12 h after spinal 
injection. 


Discussion 

This study demonstrated that patients undergoing Caesarean 
section under spinal anaesthesia experienced less dis- 
comfort during the procedure when either fentanyl or 
diamorphine were added to the intrathecal injectate. 
However, only the addition of diamorphine significantly 
reduced the need for further analgesia after surgery. 

Patients undergoing Caesarean section under spinal 
anaestheisa may benefit from the co-administration of 
local anaethetic and opioid agents, because of improved 
intraoperative comfort,!° apparent prolongation of spinal 
analgesic action,’ and reductions in postoperative require- 
ments for additional analgesia.’ However, these advan- 
tages need to be balanced against problems such as pruritis, 
nausea, sedation and respiratory depression. Fentanyl and 
diamorphine are the two most frequently used spinal opioids 
by obstetric anaesthetists in the UK,° for several reasons. ` 
Both are readily available commercially in a preservative 
free formulation. Both have sufficient lipid solubility’? to 
enable rapid penetration of neuronal tissue, hindering 
cephalad migration induced by CSF currents,’ the probable 
cause of side-effects.!? 14 Diamorphine undergoes metabol- 
ism within spinal cord tissue generating active compounds 
(6-acetyl morphine and morphine). These metabolites are 
less lipid soluble than the parent drug, and limit their back- 
diffusion into the CSF.’* Both fentanyl and diamorphine 
have been investigated for use in Caesarean section by dose- 
finding studies. 

Fentanyl has been investigated on a dose per kilogram 
body weight basis in a study where the average patient 
weight was 80 kg,’° which approximated to examining 
effects following doses of 20, 40 and 60 ueg. Intraoperative 
respiratory depression and increased sedation was observed 
in those that received 40 ug or more. A further study” 
considered a larger number of possible doses, and showed 
that even a dose of 6.25 ug was sufficient to prolong spinal 
analgesic action. Patients who received doses of 12.5 and 25 
ug displayed a trend toward lower postoperative analgesic 
requirements, but did not reach statistical significance. 
However, patients who received doses of 25 ug (or more) 
experienced troublesome pruritis. Other workers studied the 
effects following doses of 15 ug? and 25 ug,” the latter 
identifying late-onset increases in postoperative analgesic 
requirements. These studies seem to indicate that in order to 
maximize postoperative analgesia, whilst minimizing 
respiratory depression and pruritis, a dose of 20 ug would 
appear to be optimal. 

Intrathecal administration of diamorphine has also been 
the subject of dosage analysis. An earlier investigation* 
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Table 5 Postoperative nausea, pruntis and sedation scores (expressed as numbers of patients), ın the first 24 h after spinal injection, classified according to 


intrathecal adjuvant. *P<0.05 vs fentanyl, *P<0.05 vs diamorphine 





Time Group Nausea score Pruritis score Sedation score 
h) — c 
0 1 2 3 0 1 2 3 0 1 2 3 
1 Control 24 1 - a 20 4 1 - 248 u = 
Fentanyl 23 2 = - 23 ~ = 18 6 1 S 
Diamorphine 25 - - - 24 1 - - 22 3 - - 
2 Control 24 1 - z 23" 2it = = 23 7 2 = 
Fentanyl 23 2 - - 11 14 - - 23 - - 
Diamorphine 23 2 = - 12 12 1 = 25 - = = 
6 Control 22 2 - 1 19 6 - = 23 2 = = 
Fentanyl 20 3 1 1 18 7 - - 18 7 - - 
Diamorphine 23 1 1 - 17 8 - 23 2 - 

12 Control 20 3 - 2 18 7 = ~ 24 5 5 é 
Fentanyl 19 5 7 1 19 6 - = 18 7 - Š 
Diamorphine 2 3 - = 19 6 - =- 24$ 1 = - 

24 Control 23 2 = - 20 4 1 ra 25 ~- = 
Fentanyl 20 4 - 1 21 4 z = 22 3 - - 
Diamorphine 23 2 - ~ 24 l - 25 = Fe = 





administered doses in 125 ug increments, and found 
significantly lower postoperative analgesic consumption ın 
patients given 250 or 375 ug, but that the latter group 
experienced excessive degrees of vomiting and pruritis. A 
similar study® reported lowest analgesic requirements in 
patients receiving 300 ug, and since this dose did not appear 
to provoke excessive degrees of pruritis or nausea, it was 
chosen as the optimum dose of diamorphine. 

A systematic review of intraoperative analgesia’? iden- 
tified that approximately 24% of patients that receive only 
hyperbaric bupivacaine experience unacceptable levels of 
discomfort during spinal anaesthesia for Caesarean section. 
The addition of most opioids to the spinal injectate attenuate 
this effect.2!© Our investigation found that only 4% (one 
patient) in either opioid group needed additional analgesia 
intraoperatively, in contrast to 32% of patients in the control 
cohort. The number of patients needed to treat with either 
spinal opioid in order to prevent one patient feeling 
excessive discomfort is 3.6, indicating a high degree of 
clinical effectiveness. 

When attempting to quantify postoperative analgesic 
requirements, observation of consumption from a PCA 
system remains the method least likely to be affected by 
bias. Cumulative morphine consumption, beyond the 
immediate postoperative period, was significantly lower 
only in those patients who received diamorphine, when 
compared with those in either the control or fentanyl groups. 
Previous studies recognized that diamorphine does possess 
analgesic sparing qualities,“ ® whilst the findings of others 
reflect uncertainty over fentanyl’s capacity for similar 
effects.>71°!7 This investigation finds that intrathecal 
fentanyl does not appear to reduce cumulative analgesic 
requirements past the point of 4 h. 

Analysing the hourly morphine consumption provided 
additional insight into this finding. Patients in the fentanyl 


group appear to begin loading themselves with morphine 3 h 
after spinal injection, only 1 h later than those in the control 
group. The existence of this extra ‘golden hour’ of analgesia 
had been noted by previous workers.? ° Beyond this 3-h 
point, the patients in the fentanyl and control groups have no 
discernible differences in their analgesic requirements. On 
this evidence, i.t. fentanyl appears to have no long acting 
analgesic properties. Patients who received diamorphine 
seem to have a biphasic nature to their analgesic consump- 
tion, with one noticeable peak after 5 h, and a second after 
20 h, when the requirements of the three groups converge. 
This represents a significantly lower hourly morphine 
requirement compared to both the control and the fentanyl 
groups, and appears to last for up to 19 h following 
intrathecal administration. 

Using a PCA system allows patients to self medicate until 
they find an individually acceptable level of comfort. 
Hence, one might not expect to observe any differences in 
terms of pain experiences. However, the patients’ pain 
scores also reflect the above pattern of analgesic efficacy, 
with those who received either opioid in significantly 
less discomfort when interviewed 1 h after the spinal 
injection. When interviewed after 2 h, those in the 
fentanyl group had similar levels of discomfort to those in 
the control, whilst those in the diamorphine group still 
complain of less pain. There appears to be no difference 
between the three groups when questioned after 6 and 24 h, 
a finding which has been also reported in earlier work.® 
However, the observation after 12 h indicates that the 
diamorphine group were in significantly less discomfort 
than the controls. This suggests that this may also have been 
the case after 6 h, had this study been powered on the basis 
of pain scores. 

Although opioids confer improved intraoperative (and in 
the case of diamorphine, postoperative) analgesia profiles, 
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concern remains that these may be tempered by an increased 
incidence of adverse effects. 

Respiratory depression is associated with the use of 
intrathecal narcotics,’? and analysis of arterial carbon 
dioxide tension has demonstrated its presence despite a 
normal respiratory frequency.”” However, the observation 
of a lucid patient, breathing at an acceptable rate, currently 
remains the most clinically applicable method of safeguard- 
ing patients from this complication." Previous work has 
demonstrated that patients undergoing Caesarean section 
exhibit a degree of resistance to the respiratory depressant 
effects of intrathecal opioid.” This study found that the use 
of either spinal opioid was not associated with a decreased 
respiratory rate, in agreement with previous studies.” 477? 

Acute onset sedation has been previously described in 
association with i.t. fentanyl,!® and a non-significant trend 
toward late onset sedation has also been observed.” An 
increased propensity to develop sedation was observed in 
those patients who received fentanyl, this being statistically 
significant when observed after 1 and 12 h (Table 5). 
Interestingly, it is after 12 h have elapsed that these patients’ 
use of the PCA device declined slightly (Fig. 2), and may be 
because they are becoming somnolent. In contrast, patients 
belonging to the control or diamorphine groups did not 
appear to develop excessive sedation. This is in keeping 
with a previous study,” with similar findings following 
250 ug of i.t. diamorphine. 

Itching can be a distressing side effect, which is 
associated with systemic opioid administration, particularly 
when given neuraxially. Incidence can be as high as 80%, 
but symptoms are generally mild in nature. The use of non- 
steroidal anti-inflammatory drugs in the analgesic strategy 
has been noted to reduce pruritis in a general surgical 
setting.” However, incidence of itching after spinal opioids 
in patients following Caesarean section remains high 
despite this intervention.* We found itching was present in 
significantly more patients 2 h after administration of either 
spinal opioid (approximately 55%), but in only one of these 
patients was it severe enough to require anti-pruritic 
therapy. From 6 h onwards the prevalence was no different 
between the three groups (approximately 25%), displaying 
the potential for i.v. morphine to also induce this side effect. 
The fact that our highest incidence (55%) was marginally 
lower than other studies,” may be attributable to the use of 
cyclizine as a prophylactic anti-emetic in all our patients, 
which has anti-histaminic (H,) properties. 

Spinal opioid use can exacerbate postoperative nausea 
and vomiting, particularly when used at higher dose 
regimens.* This side effect can also be agent specific, with 
morphine more likely to induce it than diamorphine.” 
Reported incidences vary from 25% following 12.5 ug i.t. 
fentanyl,’ to 70% following 300 ug i.t. diamorphine.® This 
investigation identified no significant differences between 
any of the groups. The incidence was relatively low, ranging 
from less than 10% in the 2 h immediately postoperatively, 
to approximately 20% after 12 h. Prophylactic anti-emetic 


therapy may have helped to limit nausea, especially in the 
first 5 h after surgery, a strategy not employed in other 
studies.’ ® 

This study found that low doses of either spinal opioid 
had no adverse impact on neonatal condition, when 
determined by Apgar scoring, which is in concordance 
with other investigations.?*7 !$ 

In conclusion, we found that the inclusion of fentanyl or 
diamorphine in the subarachnoid injectate enhances in- 
traoperative comfort during Caesarean section, with no 
undesirable effects on haemodynamic stability or neonatal 
condition. However, i.t. fentanyl appears to provide only 1 h 
of additional analgesia over hyperbaric bupivacaine alone, 
has no long acting analgesic sparing effect, but can 
predispose to greater depth of sedation. When administered 
in conjunction with i.v. cyclizine and rectal diclofenac, 1.t. 
diamorphine results in significantly lower analgesic require- 
ments for up to 19 h after surgery, whilst appearing not to 
cause excessive problems of sedation, itching or nausea. 
Presently, only 20% of obstetric anaesthetists in the UK add 
diamorphine to intrathecal bupivacaine, the majority pre- 
ferring fentanyl or no opioid.® In the light of our findings, we 
suggest that this practice should be reviewed. 
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Background. Patient-controlled epidural analgesia (PCEA) is a relatively new method of main- 
taining labour analgesia. There have been many studies performed that have compared the effi- 
cacy of PCEA with continuous epidural Infusion (CEI). The purpose of this systematic review is 
to compare the efficacy and safety of PCEA and CEI. 


Methods. All randomized controlled trials that compared PCEA, without background infusion, 
with CEI were sought from the literature. These were rated for quality using a validated, five- 
point scale. The primary outcome was the number of patients who received anaesthetic inter- 
ventions. Secondary outcomes included the dose of local anaesthetic, incidence of motor 
block, quality of analgesia, obstetric and safety outcomes. Where feasible, the data were com- 
bined using meta-analytical techniques. For dichotomous data, the risk difference (RD) and 95% 
confidence intervals (Cl) were calculated. For continuous data, the weighted mean differences 
(WMD) were calculated. The differences were statistically significant when the 95% Cl 
excluded 0. 


Results. Nine studies comprised of 640 patients were found. There were fewer anaesthetic 
interventions in the PCEA group (RD, 27%; 95% Cl, 18-36%; P<0.00001). This group also 
received less local anaesthetic (WMD, —3.92; 95% Cl, —5.38 to —2.42; P<00001) and less motor 
block (RD, 18%; 95% Ci, 6-31%; P=0.003). Both methods were safe for mother and newborn. 


Conclusion. Patients who recelve PCEA are less likely to require anaesthetic interventions, 
require lower doses of local anaesthetic and have less motor block than those who receve 
CEI. Future research should be directed at determining differences in maternal satisfaction and 
obstetric outcome. 


Br J Anaesth 2002; 89: 459-65 


Keywords: analgesia, obstetric; analgesia, patient-controlled; analgesic techniques, epidural; 
safety, techniques 


Accepted for publication: April |l, 2002 


Epidural analgesia is the most effective way of providing 
pain relef in labour.' A number of techniques have evolved 
to maintain the level of analgesia throughout labour. 
Historically, intermittent bolus dosing of local anaesthetic 
by the clinician (anaesthetist, nurse or midwife) was used. 
However, this technique had a number of drawbacks 
including inconsistent analgesia, potential toxicity, and 
concerns about sterility each time the clinician opened the 
system to administer a bolus. 

Continuous epidural infusion (CED of local anaesthetics 
was introduced into common clinical practice in the 1980s. 


While the technique has circumvented a number of 
difficulties,” it is not ideal. Many patients still required 
clinician-initiated top-ups and experienced unacceptably 
dense motor block in the lower extremities. Although many 
combinations of infusion rates and various concentrations of 
local anaesthetics and additives have been investigated, 
these problems persist. 

Patient-controlled epidural analgesia (PCEA) for relief of 
labour pain was first described by Gambling in 1988 * This 
technique allowed the patient to control the dose of epidural 
medication as labour and pain patterns changed. It also 
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Table 1 PCEA vs CEI study characteristics. B=buprvacaine, R=ropivacaine, epieepmmephnne, F=fentanyl; S=sufentanil, PCEA=patient-controlled epidural 
analgesia; CEIl=contunuous epidural infusion; UA=umbilical artery, UV=umbilical vein 


Reference Quality Patients PCEA CEI group Population Outcomes measured Significantly different 

number score group treatment outcomes 
treatment 

(year) (n PCEA/ 

n CED 

16 (2001) 5 27/29 01% R,F2 0.1% R; F2 Nullparous R/F ml hb, midwife top-ups, VAS None 
ug mf, ug mI, every 15-30 mın, motor weakness 
bolus 5 ml, 8 ml ht (ambulation), obstetric outcomes, 
lockout 10 hypotension and 1 and 5 min Apgar 
min, max scores 
25 mi bo! 

11 (1994) 4 30/30 0.125% B, 0.125% B, Mixed panty Analgesia, patient satisfaction, motor Mean B mg h™', patient 
bolus 6 ml; 10 mi h! block, sensory level, B mg ny number satisfaction and number 
lockout 20 of top-ups, duration of labour, mode of of top-ups: favouring PCEA 
mun; no max delivery and hypotension. 

14 (1993) 4 55/13 0.125% B, F 0.125% B, Nulliparous Analgesia, patient satisfaction, motor Mean B mg h“! and 
25 pg mr, F 2.5 pg block, numbers of patients requiring F pg h`, and 
E 1 400000; ml, E clinician-interventions, mean B mg h`! spontaneous delivenes: 
bolus 2-6 ml, 1 400000 and F ug h`, mode of delivery, all favouring PCEA 
lockout 8 mi h` hypotension and Apgar scores 
10-30 min 

12 (1991) 3 20/20 0.125% B, F 0125% B,F2 Mixed panty Analgesia, motor block, sensory level, Hourly B mg h“ 

2 pg mr; pg mi; B mg h`’, F ug hb’, number of chmcian (P<0.0002) and F ug h` 
bolus 3 ml; 12 m! h`! top-ups, duration of labour (Ist and 2nd (P<0 0002): lower in 
lockout 10 stage), mode of delivery, hypotension, PCEA. 

min; no max pruritus and Apgar scores 

13 (1994) 3 15/15 0.125% B, 0.125% B, Mixed parity Analgesia, motor block, sensory level, B mg h` less in 
F2ygmt';  F2pg mr, B mg h`, number of clinician top-ups, treatment group 
bolus 3 ml; 12 mi bt duration of labour (ist and 2nd stage), (P<0.0002); number of 
lockout 10 mode of delivery, hypotension and spontaneous vaginal 
min, no max Apgar scores. delivenes less ın CEI 

(P<0 04) 

9 (1999) 2 48/50 0 125% B, S$ 0.125% B; Mixed parity Analgesia, patient satisfaction, motor B mg hb” less in 
0.5 pg m’, $05 pg mr block, sensory level, total and hourly PCEA 
bolus 5 mi; at 8-14 ml h! dose of B. number of patents, requring (P<0.05), smaller 
lockout 10 clinician top-ups, total duration of number of patients 
mim; max 50 labour, mode of delivery, hypotension, requiring top-ups 
mi 4h pruntus and Apgar scores in treatment group 

(P<0.05). 

10 (1999) 1 44/46 0.1% B, F2 0.1% B;F2 ug Nuliparous Analgesia, patient satisfaction, motor Motor and block, B dose 
ug mi“; ml; 10 ml h™. block, B mg h`', F ug h™', number of b™'. in favour of PCBA. 
bolus 10 ml, patients. requinng top-ups, total 
lockout 30 duration of labour, mode of delivery, 
min; no max Apgar scores >UA and UV pH 

7 (1992) 1 75/84 0.25% B; bolus 0 125% B Nulhparous Analgesia, patient satisfaction, motor Motor block less ın 
3 ml; lockout 10 mi h` block, meen total B mg, number of PCEA group (P<0 01); 
5 min, max anaesthetist interventions, duration number of anaesthetist 
4 boluses h`! of second stage, mode of delivery interventions less in 

and hypotension PCEA groups. 

8 (1994) 

15 (1999) 1 20/20 0.2% R; 0.2% R8mlh! Nullparous Analgesta, motor block, sensory level, R mg h` dose lower ın 
bolus 5 ml; R mg h', number of clinician top-ups, | PCEA group (P<0 05), 
lockout 15 duration of second stage, mode of motor block less in 
min; max delivery, hypotension, shivering, PCEA group (P<0 05). 
15 ml h” nausea and Apgar scores 








allowed for individualization of drug dosage by the patient, 
allowing her to trade off therapeutic effects (e.g. complete 
pain relief) and side-effects (e.g. motor block). However, 
the equipment needed for PCEA may be more expensive 
than CEI. Also, more time is required to educate both the 
patient and staff about the appropriate use of the medication 
and equipment. 

Many studies have been performed comparing PCEA 
with CEI. The purpose of this systematic review 1s to 





compare the efficacy and safety of PCEA with that of CEI 
for maintenance of labour analgesia. 


Methods 


We sought randomized controlled trials (RCTs) that com- 
pared PCEA with CEL Reports were identified by electron- 
ically searching Medline (January 1980 to September 2001), 
EMBase (January 1980 to September 2001), Science 
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Citation index (1993—2001) and the Cochrane Library (June 
2000, Issue 3). : 

We used the following search terms as key words and text 
words: ‘Patient-controlled’, ‘labour analgesia’, ‘anaesthe- 
sia’ (excluding anaesthesia for Caesarean section) and 
‘pregnancy’. Alternative spellings of the search terms were 
also used. No language restriction was applied. The last 
search was done on the September 20, 2001. Additional 
reports were identified from reference lists of retrieved 
reports and review articles. 

We included published RCTs in healthy parturients that 
used the same local anaesthetic and additives for both the 
study and control group. Furthermore, we only included 
RCTs that had no continuous background infusion in the 
PCEA group. We excluded abstracts of scientific meetings, 
unpublished observations and correspondence. 

Each report meeting the inclusion criteria, was read 
independently by each of the authors and assigned a quality 
score according to a previously published, validated scale.* 
This scale consists of three items and has a maximum 
possible score of five. When the report was described as 
randomized, one point was given. If the randomization 
‘process was appropriate an extra point was given. The 
original point for randomization was lost if randomization 
was inappropriate (e.g. if it was based on date of birth). One 
point was given when a study was described as blinded. If 
blinding was inappropriate this point was lost, but an extra 
point was gained if blinding was appropriate. If all patients 
randomized were fully accounted for another point was 
given. The final quality score for each article was reached by 
the authors by means of consensus. 

The primary outcome of the study was the number of 
patients who received anaesthetic interventions during the 
maintenance of labour analgesia. Secondary outcomes 


included the dose of local anaesthetic, the incidence of 


motor block, the quality of analgesia and maternal satisfac- 
tion. Obstetric and neonatal outcomes included the length of 
labour, rate of Caesarean section, the rate of instrumental 
deliveries and the incidence of low Apgar scores at 1 and 5 
min. Other outcomes included the incidence of hypotension, 
high block, nausea, pruritus and shivering. 

Data were recorded independently by two of the authors 
(M.V. and G.J.) and discrepancies resolved by reinspection 
of the orginal articles. The data were entered into the 
statistical program (S.H.H) and rechecked (M.V.). 

Where feasible, meta-analytical techniques, using a 
random effects model were used (Metaview software, 
Revman 4.1, Cochrane Library, Oxford, UK). For dichot- 
omous data, the risk difference (RD) and 95% confidence 
intervals (95% CI) were calculated. For continuous data, the 
weighted mean difference and 95% CI were calculated. We 
considered the results statistically significant if the 95% CI 
excluded 0. The x” test was used to calculate heterogeneity 
and a P-value of <0.05 was regarded as significant. Where 
meta-analysis was not appropriate, the results of the 
individual studies were reported. We also performed a 


sensitivity analysis on the primary outcome on the basis of 
the quality score (0-2 vs 3 or more). 


Results 


We identified a total of 12 RCTs. Two manuscripts were not 
available through the University of Toronto Library system 
and were excluded. © The outcome of one of the studies was 
reported in two manuscripts.’ ® Therefore, nine studies (in 
ten manuscripts) described a total of 641 patients of whom 
545 patients received bupivacaine’'* and 96 patients 
received ropivacaine." 16 The range of numbers of patients 
included in the studies was 30-159. The median quality 
score was 3. Five studies had quality scores of three or 
greater. !!-14 16 

Table 1 details the quality score, the obstetric population 
studied, the number of patients involved in each group and 
drugs used for maintenance in PCEA and CEI groups. None 
of the studies reported the incidence of induced and 
spontaneous labour. All measured outcomes, as well as 
those that were significantly different, are shown. 


Unscheduled anaesthetic interventions 


In five of the studies, clinician top-up of the epidural for 
inadequate analgesia was reported as a separate 
outcome.” !!!4 In one study, this outcome and catheter 
manipulation or replacement were considered together.” 
Figure 1 shows the combined data for the number of patients 
who needed: no unscheduled anaesthetic interventions. 
Significantly fewer patients needed clinician top-ups in the 
PCEA group compared with CEI (RD, 27%; 95% CI, 
18-36%; P<0.00001). This observation was also true when 
only studies with a quality score of three or greater were 
considered (RD, 35%; 95% CI, 19-51%; P<0.0001). 
Although four of the studies included patients of mixed 
parity,’ 11713 there was no evidence of heterogeneity 
(P=0.36) among the studies for this outcome. 

Three studies reported the number of anaesthetic inter- 
ventions in a manner that could not be combined in the 
meta-analysis above. One did not report the number of top- 
ups but noted the volume of local anaesthetic given per 
hour. In this study, the midwives administered less 
ropivacaine in the PCEA group compared with the CEI 
(5.4 vs 6.9 ml hl: ns). Two studies did not measure the 
number of patients who required interventions, rather they 
reported the amount of bupivacaine used in each group. !? "3 
One of these studies reported that ‘similar numbers’ of 
patients required top-ups in each group.'* The other 
reported an increased bupivacaine requirement in the 
PCEA group compared with CEI related to clinician top- 
ups. This was statistically significant for first stage but not 
for the second stage or the total length of labour. 

In addition to reporting the number of patients who 
required no interventions, three studies reported the total 
number of clinician top-ups in the CEI group compared with 
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Study PCEA Infusion Risk difference 

(first author) {n/N} (85% confidence 
interval) 

Sia 17/20 16/20 

Butros 42/48 34/50 J- 

Gambling 34/55 5/13 

Purdie 38/75 16/84 = 

Collis 27/44 12/46 = 

Curry 29/30 17/30 w- 

Total (95% Cl) 187/272 100/243 + 


-1.0-0.5 0 0.5 1.0 
Favours Favours 


Infusion PCEA 


Fig 1 The number of patients who required no unscheduled interventions 
by the clinician The RD and 95% CI for each study and the pooled 
estimates are shown. The size of the box represents the relative weight of 
each study, the lines represent the 95% CI The midpoint of the diamond 
1s the pooled estimate of the RD. The diamond extends over the 95% CI 
of the pooled estimate. 


PCEA. Tan and colleagues? found a significantly higher 
number in the CEI group than in the PCEA group (120 top- 
ups in 84 women compared with 49 in 75 women, 
respectively). Curry and colleagues!’ reported 27 top-ups 
in 30 patients who received CEI compared with only two 
top-ups in 30 patients who received PCEA (P<0.001). Sia 
and colleagues! reported six top-ups in 20 patients in the 
CEI group compared with three top-ups in 20 patients in the 
PCEA group during the first stage of labour (P=0.4). 


Drug dose 


The dose (mg h™') of local anaesthetic administered to 
patients receiving CEI was significantly greater than those 
in the PCEA group (Table 2). All studies that measured this 
outcome reported the same result regardless of whether 
bupivacaine or ropivacaine was used. The addition of opioid 
to the maintenance solution (either fentanyl or sufentanil) 
did not make a difference to this outcome. Because different 
regimen were used, this outcome is heterogeneous 
(P<0.0001) even though all studies favoured the PCEA 
group (Fig. 2). 


Motor weakness 


Motor power was measured in a number of different ways in 
each of the studies. Two studies reported ‘no motor 
weakness’ throughout the labour.” '* Two additional studies 
described no or minimal weakness at 2-h intervals over 
time.'°'* We used the 2-h incidence of ‘no weakness’ in 
these studies for our analysis and found that this side-effect 
was significantly reduced in the PCEA group (Table 2). One 


study assessed motor power by asking the patient to sit up 
and then walk. However, the time at which this outcome was 
measured is not clear. The authors noted that all their 
patients, ın both groups, could walk at some time during 
labour. "$ 

Tan and colleagues? reported that patients receiving 
PCEA were more likely to have ‘no motor weakness’ 
compared with those having CEI, based on repeated 
assessments of each patient (P<0.01). The incidence of 
complete immobility of the lower extremities was not 
different between groups (4.5 vs 2.9%; ns). Two other 
studies found no difference between groups in ‘dense motor 
block’ as defined by Bromage scores of 2 or 3.!73 


Analgesia 
Labour analgesia was measured at intervals using a visual or 
verbal analogue score (VAS) in seven studies,” !> and the 
number of distressing pain episodes in one.’ These results 
were either displayed in graphic form or described quali- 
tatively. The VAS scores were not different between groups 
in any of the studies. The numbers of distressing pain 
episodes were also similar. Finally, pain scores, when 
classified as mild, moderate or severe, were the same in both 
groups.!° 

One study specifically reported VAS scores for pain in the 
second stage of labour and found no difference between 
groups.’° A second study reported that complete or good 
analgesia was also not significantly different between 
groups.’ However, in this study 16.9% of women suffered 
‘unacceptable’ pain in the PCEA group compared with 
2.8% in the CEI group (P=0.01). 


Patient satisfaction 


Overall patient satisfaction with the method of analgesia, 
using a VAS score, was reported in five studies.» !’ '*° The 
data from four of these could be combined (Table 2). One 
study reported maternal satisfaction using a VAS scale at 
various times durmg labour and reported the data in 
graphical form, but did not report an overall score.’* One 
study reported ‘patient satisfaction with analgesia’.’ These 
studies did not show a difference in maternal satisfaction 
between groups. 


Obstetric and neonatal outcomes 


The total length of labour (in minutes) was reported in three 
studies’! and there was no difference between the groups. 
Similarly there was no difference in the duration of first 
stage of labour’?!? or second one.’ !?!3!5 None of the 
studies reported a difference in the incidence of Caesarean 
section or instrumental delivery between groups. The 
incidence of low Apgar scores at 1 and 5 min after birth 
was low and similar in each group (Table 2). 
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Table 2 Summary of study outcomes. PCEA=patieit-controlled epidural analgesia; CEI=continuous epidural fusion; WMD=weighted mean difference, 


RD=zisk difference, Cl=confidence interval 


Outcome Studies Included 
(reference number) 

Mean dose of local anaesthetic 9-16 

Motor block patients with no motor weakness 9, 10, 14, 15 


Maternal satisfaction patients satisfied with technique 7 


Maternal satisfaction WAS scores 9-11, 15 
Pain relief: global pain assessment (VAS) 11 

Pain relief: pam of labour first stage (VAS) 10 

Pain relief: excellent analgesia first stage 7 

Pain relief: no distressing pain in first stage 7 

Pain reef: complete or good analgesia in second stage 7, 15 

Pain relief: pain assessment second stage (VAS) 10 

Mode of delivery Caesarean section 7, 9-16 
Mode of delivery: instrumental deliveries 7, 9-16 
Total length of labour 9-11 

Length of first stage 12, 13 

Length of second stage 7, 12, 13, 15 
Low Apgar score at 5 min 9, 10, 12-15 
Low Apgar score at 1 min 9, 10, 12-15 
Hypotension 9, 10, 12, 14-16 
High sensory block 7,9, 11 
Shivering 15 

Nausea 15 

Pruntus 9, 12 


Other outcomes 


There was no difference between groups in the incidence of 
hypotension or high block (as described by any of the 
authors). The incidence of pruritus, shivering and nausea 
were similar in each group (Table 2). 


Discussion 

This systematic review shows that PCEA in labour consist- 
ently results in fewer clinician interventions when compared 
with CEI. This result was achieved using a lower dose of 
local anaesthetic but without any measurable change in pain 
relief or patient satisfaction. In addition, patients in most 
studies had better mobility in the PCEA group. 

The need for unscheduled clinician interventions is an 
important outcome for a number of reasons, apart from 
simple convenience. Additional drug doses require opening 
the ‘closed system’ and may increase the risk of infection. 
Furthermore, it 1s usual for the clinician to use an increased 
drug dose compared with that available to the patient. If this 
dose is misplaced (either in the intravascular or intrathecal 
space), toxicity might result. Finally, because of the 
increased drug dose, motor block of the lower extremities 
may be more evident. 

The use of less local anaesthetic is also an important 
advantage of PCEA. While this review did not show a 
difference in operative delivery between patients who 
received PCEA and those who received CEI, there is 
some evidence that drug dose may affect labour outcome. 
Recently, the COMET group” in the United Kingdom have 
shown that there is an increased incidence of operative 


PCEA CEI WMD or RD _ P-Value 
(aor n/N) (norniN) and 95% CI 
257 221 WMD: -3.92 (5 38, —2.42) <0.00001 
151/167 103/129 RD 18% (6%, 31%) . 0 003 
65/75 73/84 RD: 0% (~11%, 10%) 1 
139 144 WMD 3.86 (-2 15, 9 88) 02 
30 30 WMD -7 20 (-19 16, 4.76) 02 
40 44 WMD 3.00 (3.00, —0 80, 6 80) 014 
4775 54/84 RD: 2% (~-17%, 13%) 0.8 
55/75 48/84 RD 16% (2%, 31%) 003 
62/95 62/104 RD 5% (-8%, 18%) 05 
41 44 WMD 2000 (7 44, 32 56) 002 
41/333 51/307 RD: 4% (-8%, 1%) 0.12 
19/333 98/307 RD. 1% (-6%, 7%) 0.9 
122 126 WMD 7 68 (-65 75, 81 10) 08 
35 35 WMD: 21.00 (—37.72, 79 71) 05 
130 139 WMD: ~10 33 (-21.59, 0.93) 007 
4/201 1/164 WMD. 0.01 (-0.02, 0 05) 05 
23/201 12/164 WMD 0.00 (-0 07, 0.07) 1 
4/275 11246 RD: -1% (~-3%, 2%) 06 
9/153 8/164 RD: 1% (-5%, 6%) 09 
5/20 4/20 RD 5% (~21%, 31%) 07 
1/20 0/20 RD 5% (-8%, 18%) 04 
11/68 1710 RD 3% (-15%. 21%) 08 


vaginal delivery when conventional doses of local anaes- 
thetic (0.25% bupivacaine) are used in labour compared 
with low dose techniques. Furthermore, cumulative doses of 
opioids, which are often combined with local anaesthetics in 
the infusions, may result ın mild neonatal depression." 
While none of the studies we have reviewed reported results 
from ‘high’ doses of local anaesthetics, it may still be an 
advantage to use less of the drugs. 

The differences in patient mobility were also consistent 
between groups when this outcome was measured. This 
consistency was present despite the numerous ways in 
which motor weakness of the lower extremities was 
reported and was likely to have been a result of the 
observed increase in local anaesthetic dosage in the CEI 
group. Of note, in one study that used 0.1% ropivacaine and 
fentanyl 2 ug ml~’, all patients could walk. It ıs possible that 
by reducing the concentration of local anaesthetic suffi- 
ciently, the difference in motor block between PCEA and 
CEI may become insignificant. 

Of interest, although many of the studies reported 
measures of maternal satisfaction, there was no consistent 
difference between PCEA and CEI. This may be due to a 
number of reasons. First, satisfaction with both forms of 
analgesia appeared to be extremely high. Therefore, even by 
combining the results of all studies, the sample size may be 
insufficient to demonstrate a difference. This is particularly 
true because of the numerous different methods used to 
measure satisfaction and the different times (during labour 
or the next day) at which the question was asked. Second, it 
is very difficult to accurately measure maternal satisfaction. 
Often satisfaction with a particular techmque is confused 
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PCEA Mean (sp) Infuslon Mean (sp) Weighted mean difference 
{n) 


(85% confidence interval) 








Study (first 

author (yr}) (n) 

Ferrante (1991) 20 9(4) 20 
Ferrante (1994) 15 9(4) 15 
Curry 30 8(3) 30 
Gambling 55 5(2) 13 
Sla 20 18(3) 20 
Collis 44 9(2) 46 
Butros 48 13(4) 50 
Smedvig 25 8(5) 27 
Total (95% Cl} 257 221 








16{4) E 
17(4) —— 
144) i 
9(3) E 
21(5) = 
12(8) ii 
15(4) E 
8(0.4) + 
+ 
-10 -5 0 5 10 
Favours Favours 
infusion PCEA 


Fig 2 Dose of local anaesthetic. The weighted mean difference and 95% CI and pooled estimates are shown The size of the box represents the 
relative weight of each study, the lines represent the 95% CL The midpoint of the diamond 1s the pooled estimate of the weighted mean difference. 


The diamond extends over the 95% CI of the pooled estimate 


with satisfaction with pain relief. However, satisfaction is 
multidimensional and other factors such as patient expect- 
ations, communication skills of the health care team and the 
obstetric outcome are far more important than analgesia per 

8 One study attempted to measure multiple aspects of 
satisfaction but still did not find any difference between 
groups. ° 

In this review, we found no‘difference between groups in 
the incidence of Caesarean section or instrumental vaginal 
delivery. Furthermore, there was no difference in the 
duration of either the first or second stages of labour. 
However, the studies were small and the total number of 
patients enrolled may have been insufficient. In addition, the 
combination of nulliparous and multiparous parturients in 
some of the studies would reduce the power to detect these 
outcomes. A single, large study with standardized obstetric 
management would be more likely to find a difference if it 
exists. 

Both CEI and PCEA appear to be safe for the mother and 
neonate. The incidence of maternal side-effects and neo- 
natal depression was extremely low in the studies that 
measured these outcomes. Maternal hypotension occurred 
in less than 3% of cases and a low 5 min Apgar score 
occurred in under 2% (Table 2). An extremely large series 
of patients would be required to determine if the two groups 
were different with respect to these outcomes. 

In summary, PCEA for labour pain has several advan- 
tages when compared with CEI. These include a reduction 
in the number of unscheduled clinician top-ups, a reduction 
in the amount of drug used and a reduction in the amount of 
motor block of the lower extremities. Both methods are safe 
for the mother and newborn. More information is needed to 
determine which method of analgesia maintenance leads to 


a reduced need for obstetric intervention and better patient 
satisfaction. 
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Background. Concern has been expressed that epidural analgesia for labour may be associ- 
ated with a higher incidence of backache. 


Methods. A prospective randomized trial investigating the effect of epidural analgesia on the 
outcome of labour in nulllparae, mothers were randomized to receive elther epidural analgesia 
or meperidine. A questionnaire on postnatal symptoms was sent to them 6 months after 
delivery. 


Results. In all, 6! | mothers were studied; 310 were randomly allocated to receive i.m. meper- 
idine up to 300 mg and 301 to recelve epidural bupivacaine. The response rate to our question- 
naire was 83%. Intention-to-treat analysis showed similar prevalence rates of postpartum 
backache in the epidural (48%) and meperidine groups (50%), with an observed difference 
(epidural-meperidine) of -2% (95% CI, —I! to +6%). After excluding mothers with backache 
before delivery, there were also similar incldence rates of postpartum backache in the epidural 
(29%) and meperidine groups (28%), observed difference 1% (95% CI, -8 to +10%). 


Conclusions. Epidural analgesia in labour was not associated with an increase in the preva- 


lence or incidence of backache. 
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MacArthur and colleagues’ reported an association between 
the development of new postpartum back pain and the 
administration of epidural analgesia in labour. However, 
their study was retrospective and relied on the mothers’ 
recollections of events. Back pain has since been noted to be 
a common occurrence in pregnancy.” A more recent study 
suggested that epidural analgesia and the development of 
postpartum backache may be unrelated phenomena,’ but 
there have been few large prospective randomized con- 
trolled trials to date that have compared the prevalence of 
backache in mothers who have received epidural analgesia 
with those who received meperidine for labour analgesia. 
The present study is a randomized prospective compari- 
son of the prevalence of backache in mothers who received 
epidural analgesia compared with mothers who had 
meperidine. Because other investigators’* have noted the 


coexistence of other symptoms in association with back- 
ache, we also enquired about the presence of other 
symptoms. 


Methods 


The study was approved by the local research ethics 
committee and was designed as a part of a pragmatic 
randomized controlled trial comparing the outcomes of 
labour between mothers randomized to receive i.m. 
meperidine with those randomized to receive epidural 
analgesia for pain relief in labour. Only nulliparous 
women with an open mind about their choice of analgesia 
were recruited to the study. They were approached by an 
experienced midwife in the later stages of pregnancy and 
agreed to be randomized with respect to their first analgesia. 
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Epidural analgesia and backache 


Requested further 
analgesia 
n=508 
Randomized to 
Randomized to Randomized to 
epidural mependine 
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Received Refused Recerved Refused 
n=219 n=30 n=194 n=65 
Analgesia 
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Backache 
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n=0 
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n=68 n=44 n=33 | | n=30 n=1 |] n=1 


n=52 





Fig 1 Flow diagram showing prevalence of back pain 6 months postpartum by analgesia received in labour by mothers who requested further 
analgesia and were randomized (n=611), returned the questionnaire (n=509) and answered the backache question (n=508) 


On admission to the labour ward, the diagnosis of labour 
was confirmed. When requesting further analgesia, the 
envelope identifying their randomized treatment was 
opened and mothers were offered analgesia according to 
their randomization. They either received meperidine 100 
mg by repeated i.m. injection (up to three doses), or a 
lumbar epidural was inserted and, after an initial dose of 
0.25% bupivacaine 10 ml, an infusion of 0.125% bupiva- 
caine was administered until the second stage of labour at 
the rate of 10-15 ml h with top-ups of 0.25% bupivacaine 
5 ml as required (this was the standard epidural analgesia 
administered on the labour ward at the time of the study 
commencement). For ethical reasons, the mothers were 
reassured at recruitment that they could opt out from the 
trial at any stage. 

Twenty-four hours after delivery, the mothers were 
visited on the ward and asked about back pain and headache 
before and during pregnancy. For example, ‘Did you suffer 
from backache?’ and if ‘yes’, ‘Was this during pregnancy, 
before pregnancy, or both?’. 

Six months after delivery, a postal questionnaire was sent 
to the mothers. They were asked about a number of 
symptoms: frequent backache, frequent headaches or 
migraines, shoulder symptoms, neck symptoms, urinary 
incontinence and pain, tingling or weakness in the arms or 
legs. For each symptom they were asked whether it was 
present, when it had started and how it affected their daily 
functioning. For example, they were asked, ‘Do you suffer 
from frequent backache?’ and if ‘yes’, “When did this first 
start? Was it before you became pregnant, during your 
pregnancy, or since you gave birth?’. 

The two randomized groups were compared using 
Mann-Whitney U tests and Fisher’s exact tests where 


appropriate. Analysis was performed comparing responders 
and non-responders to the 6-month questionnaire. We 
compared the groups on the basis of their treatment and 
also compared characteristics of the women who did and did 
not have new symptoms at 6 months postpartum. 

Stepwise logistic regression was performed to investigate 
factors influencing the presence of each symptom, either as 
a persisting symptom or a new symptom 6 months 
postpartum. Possible predictor variables considered were 
randomized treatment, maternal age, height, weight, social 
class, marital status, ethnic group, induced labour, durations 
of first and second stages, oxytocin administration, mode of 
delivery, gestational age and foetal weight. 

This study was part of a trial investigating the effect of 
epidural analgesia on Caesarean section rate.> The pro- 
spective sample size of 1168 for the tnal had been 
calculated to detect a reduction in the Caesarean section 
rate from 7.8% in the epidural group (the observed rate in 
the unit in 1988) to a rate of 3.8% in the non-epidural group. 
We calculated that this sample size would also allow us to 
detect a difference in rates of chronic backache such as that 
reported by MacArthur and colleagues‘ for epidural (19%) 
and non-epidural (10.5%) with a power >99% and using a 
significance level of 5%. Recruitment to the trial was slower 
than anticipated and, of the planned 1168 mothers, 611 were 
randomized to receive either epidural analgesia (n=301) or 
i.m. meperidine (n=310) during labour. 


Results 


A total of 508 women returned the questionnaires 6 months 
after delivery, 249 of which had received the epidural and 
259 had received meperidine. The overall response rate was 
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Table 1 Obstetric and patient characteristics of responders and non-responders to 6 months postpartum questionnaire. Summary statistics are median 
(interquartile range (IQR)) for continuous vanables or frequencies (%) for categorical variables. P-values are from Mann-Whitney U test or Fisher’s exact test 








Variable Non-responders Responders P-value 
nitotal n or % or IQR nitotal n % or IQR 
median or median 

Randomized treatment 

Epidaral 51/102 50 250/509 49 0.9 
Treatment received 06 

Meperidine+epidural 17/102 17 82/509 16 

Epidural 50/102 49 282/509 55 

Meperidine 34/102 33 141/509 28 

Neither 1/102 1 4/509 1 
Age (yr) 25 22-29 27 24-30 002 
Final weight (kg) B 65-81 75 68-84 0.08 
Height (cm) 163 158-167 162 158-166 04 
Marned 58/102 57 358/508 70 001 
Caucasian 49/101 49 319/505 63 0.007 
Social class II/II 67/100 67 379/496 76 0.06 
Induced 32/101 32 153/504 30 08 
First stage duration (h) 89 62-115 85 61-115 06 
Second stage duration (h) 0.9 0 5-2.0 1.2 06-23 0.2 
Syntocinon 55/102 54 305/507 60 0.3 
Mode of delivery 0.5 

Normal vaginal 67/102 66 300/509 59 

Instrumental 24/102 24 144/509 28 

Caesarean 11/102 i 65/509 13 
Gestational age (weeks) 40 39-41 40 39-41 08 
Foetal weight (kg) 3.3 29-36 3.3 3.0-3 7 03 
Table 2 Reported prevalence of backache 24 h and 6 months post delivery 
24 h postpartum: ‘Did 6 months postpartum: ‘Do you suffer from frequent Total 
you suffer from backache?’ If ‘yes’, ‘When did it first start?’ 
backache before 
delivery?’ Before delivery Since delivery No frequent backache 
Yes 109 lil 278 
No 25 143 211 
Total 134 101 254 489 


83%. There was no significant difference between the two 
randomized groups in terms of response rates, with 83 and 
84% returned in the epidural and meperidine groups, 
respectively. 

Of the 249 women who had been randomized to the 
epidural group, 219 received their randomized treatment 
(88%), while of the 259 women randomized to the 
meperidine group, 194 received their randomized treatment 
(75%). An intention-to-treat approach was used for the 
analysis, comparing women on the basis of their rando- 
mized treatment allocation. Figure 1 shows the prevalence 
of backache 6 months postpartum in the two randomized 
groups subdivided by the mode of analgesia actually 
received during labour, for mothers who requested further 
analgesia and were randomized (n=611), returned the 
questionnaire (n=509) and answered the backache question 
(n=508). 

Table 1 compares the characteristics of the responders 
and non-responders to the 6-month postpartum question- 


naire. There was no significant difference between patient 
characteristics of the groups in terms of treatment 
randomized, treatment received, labour characteristics or 
mode of delivery. However, married women were more 
likely to respond to the questionnaire (P= 0.01), as were 
older women (P=0.02) and Caucasians (P=0.007). There 
were no significant differences between the randomized 
groups in terms of these characteristics (results not shown). 

There were 489 women who completed questionnaires at 
both 24 h and 6 months postpartum. They were asked about 
backache on both occasions. Table 2 shows the responses at 
24 h and 6 months postpartum. Many of the women gave 
inconsistent responses. There were 58 mothers who had 
stated 24 h postpartum that they had suffered from backache 
before delivery but stated at the 6-month follow-up that their 
backache had only commenced after delivery. There were 
also 25 mothers who said at 24 h that they had not had 
antepartum backache but at 6 months stated that their 
backache had commenced before delivery. 
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Table 3 Prevalence of symptoms 6 months postpartum Summary statistics are frequencies (%). P-values are from Fisher’s exact test 





Symptom Epidural 

n/total a % 
Backache 119/249 48 
Headache 56/248 23 
Neck ache 60/247 24 
Unnary incontinence 46/246 19 
Arm symptoms 36/244 15 
Leg symptoms 51/243 21 


Meperidine P-value 

r/total n % 

130/259 50 06 
68/256 27 03 
70/256 27 05 
51/258 20 08 
49/255 19 0.2 
46/246 19 06 





Table 4 Incidence of new symptoms 6 months postpartum For each symptom, the table shows its occurrence in patients not suffering the particular problem 
antepartum Hence the variable numbers of subjects in the epidural and mependine groups within the table. Summary statistics are frequencies (%) P-values 


are from Fisher’s exact test 








49/178 28 09 


Symptom Epidural 

nitotal n % 
Backache 52/182 29 
Headache 26/218 12 
Neck ache 32/219 15 
Urinary incontinence 26/226 12 
Arm symptoms 22/230 10 
Leg symptoms 26/218 12 


The prevalence of each postnatal symptom at 6 months in 
the two randomized groups is compared in Table 3. There 
was no significant difference between the two randomized 
groups in the frequency of any of the symptoms enquired 
about. There was also no significant difference in the 
prevalence of backache between the epidural and meper- 
idine groups (48 vs 50%), with an observed difference in 
backache prevalence (epidural—meperidine) of -2.4% (95% 
CI, ~11.1 to +6.3%). 

In the stepwise logistic regression models to predict the 
presence of each symptom at 6 months, there was a positive 
relationship between the occurrence of backache and 
duration of the first stage (odds ratio (OR) for a 1 h 
increase, 1.08; 95% CI, 1.03-1.14; P=0.002). With respect 
to headaches, there was a positive relationship with non- 
Caucasian ethnic groups (OR, 1.70; 95% CI, 1.07-2.71; 
P=0.03) and a negative relationship with maternal age (OR, 
0.94 for a 1 yr increase in age; 95% CI, 0.89-0.99; P=0.02). 
For urinary incontinence, there was a positive relationship 
with instrumental delivery (OR, 1.72; 95% CI, 1.04-2.84; 
P=0.03). For pain, tingling or weakness in the arms there 
was a negative relationship with maternal height (OR, 0.94 
for a 1 cm increase in height; 95% CI, 0.90-0.99; P=0.01), a 
positive relationship with length of first stage (OR, 1.07 for 
a 1 h increase; 95% CI, 1.01-1.15; P=0.03) and a positive 
relationship with non-Caucasian ethnic group (OR, 2.49; 
95% CI, 1.38-4.47; P=0.002). For pain, tingling or weak- 
ness in the legs there was also a positive relationship with 
non-Caucasian ethnic group (OR, 2.82; 95% CI, 1.70-4.69; 
P<0.001). 


Meperidine P-value 
nitotal n % 

25/213 12 10 
37/223 17 06 
33/240 14 05 
28/234 12 05 
23/223 10 0.7 





Table 4 is a comparison between the two randomuzed 
analgesia groups after omitting women who stated 6 months 
postpartum that the symptoms began before or during 
pregnancy. There were no significant differences between 
the two randomized groups in the incidence of any new 
postpartum symptoms. The incidence of new backache in 
the epidural group was 29% and in the meperidine group 
28%, with an observed difference in the incidence of 
backache (epidural—meperidine) of 1.0% (95% CI, -8.2 to 
+10.3%). Other new symptoms such as headache, neck 
ache, urinary incontinence, and arm or leg symptoms were 
reported by around 12% of each group. 

Stepwise logistic regression analysis performed to predict 
whether or not a woman had each new symptom showed 
relationships similar to those found when predicting the 
presence of any symptoms. There was a negative relation- 
ship between headache and maternal age (OR, 0.89 fora 1 yr 
increase; 95% CI, 0.81-0.97; P=0.007) and a positive 
relationship with being married (OR, 2.36; 95% CI; 
1.00-5.55; P=0.05). There was a positive relationship 
between urinary incontinence and oxytocin administration 
(OR, 2.36; 95% CI, 1.17-4.77; P=0.02) and a positive 
relationship with instrumental delivery (OR, 1.86; 95% CI, 
1.00-3.45; P=0.05). For arm symptoms, there was a 
negative relationship with maternal height (OR, 0.94; 95% 
CI, 0.89-0.99; P=0.03) and a positive relationship with non- 
Caucasian ethnic group (OR, 3.85; 95% CI, 1.84-8.07; 
P<0.001). For leg symptoms there was a positive relation- 
ship with non-Caucasian ethnic group (OR, 2.24; 95% CI, 
1.18-4.27; P=0.01). 
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Table 5 Obstetric and patient characteristics of those with new backache 6 months postpartum ard those who had never had backache. Summary statistics are 
median (IQR) for continuous vanables or frequencies (%) for categorical variables P-values are from Mann-Whitney U test or Fisher’s exact test 








Variable No backache Backache P-value 
n/total n or median % or IQR niftotal n or median % or IQR 

Randomized treatment 

Epidural 130/259 50 52/101 51 09 
Treatment received 0.02 

Mependine+epidural 35/259 14 20/101 20 

Epidural 141/259 54 62/101 61 

Meperidine 82/259 32 18/101 18 

Neither 1/259 1 1/101 1 
Age (yr) 27 24-30 27 24-30 1.0 
Final weight (kg) 74 68-83 74 66-84 08 
Height (cm) 163 159-167 162 157-166 0.09 
Mamed 181/259 70 75/101 74 04 
Caucasian 172/259 66 52/100 52 002 
Social class I/M/MI 190/250 76 81/99 82 03 
Induced 75/255 30 34/100 34 04 
First stage (h) 8 §.5-11 98 75-128 0.001 
Second stage (h) 12 07-21 11 0 6-2.2 1.0 
Syntocinon 148/258 57 66/101 65 019 
Mode of delivery 0.3 

Normal vagınal 162/259 63 5¢/101 53 

Instrumental 66/259 25 31/101 31 

Caesarean 31/259 12 16/101 16 
Gestational age (weeks) 40 39-41 40 39-41 03 
Foetal weight (kg) 33 30-37 32 3.0-3.5 01 





Table 5 compares the characteristics of women with and 
without new backache at 6 months postpartum, excluding 
those with backache before delivery. There were no 
significant differences between the groups in terms of 
randomized treatment allocated. However, there was a 
significant difference between groups in the type of 
analgesia actually received (P=0.02); women with new 
backache were more likely to have had epidural analgesia. 
The proportion of non-Caucasian women was higher in 
those who developed new backache (P=0.02) and the 
duration of first stage was longer (P=0.001). 

Stepwise logistic regression was performed to predict 
whether a woman developed new backache. There was a 
positive relationship between new backache and non- 
Caucasian ethnic group (OR, 1.73; 95% CI, 1.02-2.94; 
P=0.04), and a positive relationship with duration of first 
stage (OR, 1.11 for a 1 h increase; 95% CI, 1.04-1.18; 
P=0.002), but no significant relationship with type of 
analgesia received. 


Discussion 

We have shown, like other investigators, that backache is an 
extremely common complaint postpartum and was present 
in 49% of mothers 6 months after delivery. When groups 
were compared on the basis of their randomized treatment 
allocation, there was no significant difference in the 
prevalence of backache between the epidural (48%) and 
meperidine (50%) groups. Our study was designed on a 
randomized prospective basis. In other non-randomized 


studies, the presence of backache or the choice of analgesia 
in labour may influence the mothers’ reporting of back pain. 

Our comparison between the two analgesia groups was 
performed on an intention-to-treat basis as this is the least 
biased approach. There was no significant difference 
between the groups when they were compared on this 
basis; the incidence of new backache in the epidural group 
was 29% and in the meperidine group 28%. 

When we compared those with new backache at 6 months 
with those who had never had backache (Table 5), the type 
of analgesia actually received was significantly different. 
Epidural administration was more common in those with 
new backache (82 out of 101 patients; 81%) than those 
without (176 out of 259; 68%). This is consistent with the 
finding of McQuay and colleagues’ who suggest a small but 
slight increase in the development of new backache after 
epidural administration. However, this was based on a 
systematic review of results from non-randomized studies 
and would therefore incorporate any biases occurring in 
such studies. In our stepwise logistic regression model, the 
type of analgesia was no longer a significant predictor after 
including the duration of the first stage of labour and 
Caucasian ethnic group in the model. Our findings are 
similar to those of Howell and colleagues.® 

In our study, the prevalence of backache in the 
meperidine group was 50% and in the epidural group was 
48%. This differs considerably from the rate of new 
backache of 10.5% in the non-epidural group and rate of 
19% in the epidural group in the retrospective study by 
MacArthur and colleagues,' used in our prospective power 


470 


Epidural analgesia and backache 


calculation. When a post-hoc power calculation was 
performed for our study, it showed that we would have 
needed a sample size of 1605 in each group to detect a 5% 
difference in the prevalence of backache (50 vs 45%) using 
the 5% significance level with a power of 80%. This is 
beyond the scope of most institutions and could only be 
performed in a large multi-centre trial. 

The response rate to our questionnaire was high (83%). 
This compares favourably with the 40% response rate of 
MacArthur and colleagues’ and the 63% response rate of 
Russell and colleagues? and is similar to the 88% response 
rate of Breen and colleagues.* Of some concern is the fact 
that the responders were more likely to be Caucasian and 
married than the non-responders were. Our study showed a 
positive relationship between non-Caucasian status and the 
presence of back pain and other postnatal symptoms such as 
arm and leg symptoms. It 1s possible that this effect could be 
due to non-Caucasian women with postnatal symptoms 
being more likely to respond than those without postnatal 
symptoms. However, in a study by Russell and colleagues,” 
European and West Indian women were more likely to 
respond than other groups. 

The prevalence of backache at 6 months in our study 
(49%) is similar to the prevalence of 44% found by Breen 
and colleagues* at 2 months postpartum, but considerably 
greater than the 30% found by Russell and colleagues” at 12 
months. The incidence of new backache at 6 months is 
somewhat less common (28%) in our study, while that of 
Russell and colleagues” was 15% at 12 months. Russell and 
colleagues’ study was retrospective but suggests that the 
prevalence of postpartum backache may be lower at 12 than 
at 3 or 6 months after delivery. We chose a 6-month follow- 
up period as back pain is particularly relevant when the 
mother is weaning her child and possibly planning to return 
to employment. 

There was a higher proportion of non-Caucasian 
women (35%) who developed new backache compared 
with Caucasian women (23%). Non-Caucasian women 
also developed other symptoms postpartum. Our local 
population, from which the study sample was taken, is 
comprised of 25% Gujerati Asians. Although theirs was 
a retrospective study, MacArthur and colleagues’? found 
that backache, frequent headache, shoulder ache and 
pains and weakness in the arms and legs all occurred 
more commonly among Asian than among Caucasian 
women. Russell and colleagues’ did not report the 
incidence of new backache with respect to other 
symptoms or to ethnic group, but did state that, of 36 
women seen with new backache, 14 had possible 
psychological factors related to the backache. Our high 
prevalence of backache compared with other studies 
may be due to our study population. MacArthur and 
colleagues’® postulate that dietary factors may play a 
role in the prevalence of postpartum problems among 
Asian women; the cause of backache in Asian women 


may be of dietary or sociological origin and warrants 
further investigation. 

The mothers gave inconsistent replies to the ques- 
tionnaires 24 h and 6 months postpartum and this 
finding draws attention to possible problems associated 
with the interpretation of retrospectively collected data 
on postpartum backache. Russell and colleagues” found 
that memories even at 18 months postpartum were 
unreliable. This calls into question the findings of 
MacArthur and colleagues? who found an association 
between epidural analgesia and backache but relied on 
the mothers’ memories of events as long as 11 yr 
previously. In a later prospective study MacArthur and 
colleagues'! found that although the incidence of low 
backache was significantly higher in the epidural group 
than in the non-epidural group on day 1, there was no 
significant difference at 7 days or 6 weeks. 

Our study, like that of Russell and colleagues’, 18 
restricted to nulliparous women. The studies of 
MacArthur and colleagues’ and Breen and colleagues* 
included multiparae. The disadvantage of including 
multiparae in a study on backache is that back pain 
may have occurred ın relation to a previous pregnancy. 

In summary, we have shown that back pain is a 
common symptom 6 months postpartum and the inci- 
dence of new back pain was 28%. In a randomized 
prospective controlled tral, there was no significant 
difference in the prevalence between epidural and 
meperidine groups when an intention-to-treat analysis 
was used. Women can be reassured that the admunistra- 
tion of an epidural per se is unlikely to cause backache. 
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Background. This study evaluated the clinical efficacy and cost-effectrveness of prophylactic 
ondansetron versus early ondansetron treatment in the management of postoperative nausea 
and vomiting (PONV) in children undergoing strabismus repalr using clinically meaningful out- 
comes and value-based principles. 


Methods. One hundred and fifty children were randomly assigned to either prophylactic (P) 
or early symptomatic treatment only (T) group (n=75). Children in group P received ondanse- 
tron 100 ug kg”! ı.v. and those in group T received placebo at the end of the procedure. After 
surgery, at the earliest sign of nausea or vomiting, children in both groups recetved ondanse- 
tron 100 ug kg! Lv. Besides the incidence of PONV, non-surrogate (fast tracking time, 
duration of stay in the postanaesthesla care unit (PACU) and parental satisfaction scores), 
therapeutic (numbers needed to prevent and treat) and pharmacoeconomic (cost to benefit a 
child and cost per PONV-free child) outcome measures were evaluated. 


Results. The incidences of PONV in the immediate, early, late and first 24-h periods were sig- 
nificantly less in group P (20, 12, 19 and 35% respectively) than in group T (37, 29, 47 and 72%, 
P<0.05). Time to achieve fast-track eligibility and duration of PACU stay were significantly 
shorter in group P (P<0.001). Children in group P had superior mean (sD) parental satisfaction 
scores (8.2 (1.8)) compared with those in group T (6.8 (1.7), P<0.001). The number needed to 
prevent PONV was 2 and the number needed to treat PONV was 9. The cost to benefit a 
child was more than fourfold less and the cost per PONV-free child was 35% less in group P. 


Conclusions. Compared with early symptomatic treatment with ondansetron, prophylactic 
ondansetron shortened fast-tracking time and duration of PACU stay and improved parental 
satisfaction and therapeutic outcomes at a lower direct cost. 
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Controversy in the management of postoperative nausea and 
vomiting (PONV) continues despite the availability of 
effective and newly developed antiemetics. This is mainly 
because of the multifactorial aetiology of PONV, different 
risks of PONV in different patient populations, different 
antiemetic approaches and different desired outcomes. A 
recent clinical trial’ ın children undergoing strabismus 
repair which evaluated clinically more important non- 
surrogate? and therapeutic outcome measures’ recom- 
mended the practice of prophylactic administration of 


ondansetron. However, in adult patients undergoing out- 
patient surgery, prophylaxis with ondansetron had been 
shown not to improve outcomes when compared with early 
symptomatic treatment.* There is no clinical evidence to 
recommend the use of prophylactic ondansetron rather than 
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treating patients early at the first episode of PONV in a 
homogeneous high-risk population. 

This trial evaluated the effectiveness of prophylactic 
ondansetron versus early treatment of PONV with ondanse- 
tron in children undergoing strabismus repair, a population 
with a high risk of PONV. Fast track eligibility time, 
duration of stay in the postanaesthesia care unit (PACU), 
parental satisfaction and therapeutic and pharmaco- 
economic outcome measures were also compared. 


Methods 


After obtaining institutional review board approval and 
informed parental consent, in this prospective, randomized, 
double-blind study, we enrolled and studied 150 children 
(ASA I or I, aged 2-15 yr) undergoing strabismus repair 
under general anaesthesia. We excluded children who 
received drugs known to have antiemetic effects (e.g. 
phenothiazines, benzamides, scopolamine, corticosteroids, 
tricyclic antidepressants) in the 24 h before surgery. 
Children did not consume milk or solid food for at least 
6 h before operation; clear fluids were allowed until 3 h 
before induction. 

Children were not premedicated. Anaesthesia was 
induced with halothane and nitrous oxide in oxygen via a 
facemask or with i.v. thiopental. After induction of anaes- 
thesia and establishment of venous access, tracheal intub- 
ation was facilitated with vecuronium 100 pg kg™ i.v., and 
anaesthesia was maintained with halothane and 66% nitrous 
oxide along with meperidine 0.5 mg kg™ iv. A random 
number generator was used to assign each child prospec- 
tively to either the prophylactic (P) or the therapeutic (T) 
group (n=75). At the end of the procedure (when the last 
extraocular muscle was repaired), children in group P 
received ondansetron 100 ug kg™ i.v. (maximum of 4 mg) 
and children in group T received saline. The study drugs 
were prepared by an anaesthetist not directly involved in 
patient care, to a fixed volume of 5 ml to maintain the 
double-blind nature of the study. 

Intraoperative i.v. fluid management consisted of admun- 
istration of lactated Ringer’s solution sufficient to correct 
half of the preoperative fluid deficit in the first hour, 
followed by maintenance fluids according to body weight. 
At the end of the procedure, residual neuromuscular 
blockade was antagonized with neostigmine 50 ug kg™ 
and glycopyrrolate 10 ug kg? and the trachea was 
extubated when the child was awake. 

All children were transported to the PACU, where they 
stayed for a minimum of 2 h for initial evaluation and 
management and for assessment of eligibility for fast 
tracking. One of the study personnel assessed postanaes- 
thetic recovery, using a modified Aldrete’s scoring system,” 
and the time to achieve eligibility for fast tracking [6] (fast 
tracking time, FTT). Time to achieve complete recovery (a 
modified Aldrete recovery score of 10) was recorded for all 
children. FIT was calculated as the time from the 


discontinuation of anaesthesia to the time at which a child 
had patent airway without support, no PONV and pain, and 
a modified Aldrete recovery score of 10. The criteria for 
discharge from the PACU to the ward included stable vital 
signs, adequate pain control and no nausea and vomiting in 
the first 2 h after surgery. Children who had PONV and/or 
pain were observed in the PACU until they had been free of 
PONV and pain for 1 h. 

All episodes of PONY in the first 24 h in the hospital were 
recorded at intervals of 0-2, 2-6 and 6-24 h by the PACU 
and ward nursing staff, who were aware of the nature of the 
study -but blinded to the study drug. We did not assess 
nausea in younger children (less than 6 yr of age). In older 
children, nausea was assessed by an observer asking the 
child whether he or she had any nausea, in addition to self- 
reporting. Any child having an episode of vomiting or 
nausea was treated with ondansetron 100 pg kg" i.v. 
(maximum 4 mg) as the first postoperative antiemetic. If 
ondansetron failed to control nausea and vomiting in 30 min, 
metoclopramide 150 pg kg” and promethazine 0.5 mg kg’ 
were used as the rescue antiemetics (second and third 
choices respectively). 

Postoperatively, analgesia was provided when older 
children complained or younger children cried in pain.’ 
Oral ibuprofen 10 mg kg” was administered as the 
analgesic of first choice and, for pain in children who had 
PONV, ketorolac 0.5 mg kg™ i.v. was administered as the 
analgesic of second choice. Intravenous fluid consisted of 
lactated Ringer’s solution to replace the fluid deficit plus 
maintenance fluids in the recovery room. 

Finally, at the end of 24 h after surgery, the health-care 
worker who stayed with the child for most of the time was 
asked to give a global assessment of satisfaction over the 
entire postoperative experience of the child on the basis of 
the presence or absence of nausea, vomiting, pain and other 
adverse events. Parental satisfaction scores were obtained 
using an 11-point verbal linear numerical scoring system 
(O=not at all satisfied, 10=fully satisfied). 

Power analysis before the study showed that 68 children 
would be required in each group to give an 80% chance 
(B=0.2) of detecting a 25% absolute reduction in the 
incidence of PONV between the groups for a basal PONV 
incidence of 55% with a type-1 error of 5% (Epi Info, 
version 6.04b; Center for Disease Control, Atlanta, GA, 
USA and World Health Organization, Geneva, Switzerland, 
1997). R 

Two sample t-tests and the Mann-Whitney U-test were 
used to compare the age, weight, durations of anaesthesia, 
recovery and PACU stay, FIT, perioperative fluid and 
analgesic requirements and parental satisfaction. The 
incidences of PONV and rescue antiemetic requirements 
were compared by the x? and Fisher’s exact tests with 
Yates’ continuity correction wherever appropriate. The 
positive numbers needed to prevent and treat (NNP and 
NNT) PONV were calculated as the reciprocals of absolute 
risk reductions of incidences of PONV from our institute’s 
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Table 1 Patient charactenstics and climcal data Gender, ASA status, previous PONV, oculocardiac reflex (OCR) and postoperative analgesic requirements 
are expressed as the number of children Other values are expressed as mean (SD or range) No significant differences 




















Prophylactic group Symptomatic treatment group P 
(n=75) (n=75) 

Age (yr) 6.9 (2-15) 63 (2-14) 032 
Gender (M/F) 29/46 33/42 051 
Weight (kg) 22.2 (85) 21.3 (99) 030 
ASA physical status I, I 67, 8 69, 6 078 
Prior PONV 12/75 9/75 0 64 
Induction (halothane/thiopental) STAB 61/14 055 
OCR requimng atropine 11/75 8/75 0 46 
Intraoperative 

Fluids (ml kg™) 16 1 (3.9) 16 (45) 085 

Mependine (mg) 11.2 4.1) 108 (48) 067 
Number of muscles 

1 12/75 17/75 0.41 

2 45/75 42/75 0.74 

3 14/75 10/75 050 

4 4/15 6/75 074 
Duration of anaesthesia (min) 61.8 (13 0) 66.5 (20 9) 010 
Recovery time (min) 10 3 (6 79) 119 (67) 010 
Postoperative analgesia 

0-2 h 1175 15/75 052 

0-24 h 63/75 57/15 031 








basal incidence of 83%! for children who received 
ondansetron prophylactically and early symptomatic treat- 
ment respectively. Similarly, the number needed to improve 
satisfaction (NNS) was calculated as the reciprocal of the 
absolute percentage of unsatisfied parents (parental satis- 
faction score <7.5). 

The cost to benefit a child was calculated as the drug 
(ondansetron) acquisition cost per child multiplied by NNT 
(treatment) or NNP (prevention). The ondansetron acquisi- 
tion cost per child was calculated by multiplying its 
acquisition cost in our institution by the mean weight (kg) 
of the children in each group. For the pharmacoeconomic 
analysis, we assumed the institutional acquisition costs of 
1 mg of ondansetron, 10 mg of metoclopramide and 25 mg 
of promethazine as US$4, US$0.29 and US$1.25 respec- 
tively. The direct antiemetic cost per PONV-free child was 
calculated by dividing the total acquisition costs of all 
antiemetics administered (including ondansetron adminis- 
tered prophylactically in group P) by the number of PONV- 
free children in each group. 


Results 


Age, gender, weight, ASA physical status, children with a 
history of prior PONV, children who were induced with 
halothane and thiopental, children who required atropine to 
manage oculocardiac reflex, duration of procedure, perio- 
perative fluid and analgesic requirements, were similar in 
the two groups (Table 1). 

The incidence of PONV and nausea alone over 24 h was 
significantly lower in the prophylactic ondansetron group 
than in the therapeutic ondansetron group (P<0.001) 





(Table 2). The incidences of PONV in the immediate (20 
vs 37.3%, P=0.03), early (12 vs 29.3%, P=0.015) and late 
(18.7 vs 46.7%, P<0.001) postoperative periods were 
significantly lower in the prophylactic ondansetron group 
(Table 2). The incidences of nausea alone in the immediate 
(20.5 vs 53.8%, P=0.0016), early (11.4 vs 43.6%, P=0.0021) 
and late (20.5 vs 61.5%, P=0.001) postoperative periods 
were significantly lower in the prophylactic group (Table 2). 
The requirements for rescue antiemetics in different epochs 
were significantly less in the prophylactic group (Table 2). 

The positive NNP PONV was 2 in the prophylactic 
ondansetron group (NNP=2) and 9 in the early symptomatic 
treatment group (NNT=9) (Table 3). The requirement for 
rescue antiemetics to manage PONV in the early and the late 
postoperative periods was significantly less with prophy- 
laxis than with early symptomatic treatment (P<0.001) 
(Table 2). 

The duration of recovery and requirements for post- 
operative analgesics were comparable in the two groups 
(Table 1). The FIT ın the prophylactic ondansetron group 
was shorter than that ın the therapeutic ondansetron group 
(21.6 (4.1) vs 28.2 (5.3) min, P<0.0001). The duration of 
PACU stay was significantly longer in the therapeutic group 
than in the prophylactic ondansetron group (141.1 (30.6) vs 
126.5 (13.9) min, P=0.0002) (Table 3). The incidence of 
headache was comparable in the two groups (12 vs 8%, 
P=0.6). 

Children in the prophylactic ondansetron group had 
significantly higher parental satisfaction scores than those in 
the therapeutic group (8.2 (1.8) vs 6.8 (1.7), P<0.001) 
(Table 3). More parents of children in the prophylactic 
ondansetron group had greater satisfaction (score of 7.5 or 


475 


Sennaray et al. 


Table 2 Incidence and severity of PONV. Values are expressed as the number (percentage) of children 











PONV outcome Prophylactic group Symptomatic treatment group P 
(a=75) (n=75) 
PONV incidence 
0-2h 15/75 (20%) 28/75 (37 3%) 0 0303 
2-6 h 9/15 (12%) 22/75 (29 3%) 00155 
6-24 h 14/75 (18 7%) 35/75 (46 7%) 0 0005 
0-24 h 26/75 (34 7%) 54/75 (72%) <0 0001 
Nausea incidence 
0-2 h 9/44 (20.5%) 21/39 (53 8%) 00016 
2-6 h 5/44 (11.4%) 17/39 (43.6%) 0 0021 
6-24 h 9/44 (20 5%) 24/39 (61 5%) 0.0001 
0-24 h 18/44 (40 9%) 30/39 (76 9%) 0 0009 
Rescue requirements 
0-2 h 15/75 (20%) 28/75 (37 3%) 0 0303 
2-6 h 9/75 (12%) 22/75 (29 3%) 00155 
6-24 h 14/75 (18 7%) 35/75 (46.7%) 0 0005 
0-24 h 26/75 (34 7%) 54/75 (72%) <0 0001 
Rescne antiemetics 
First ondansetron 26/75 (34.7%) 54775 (72%) <0 0001 
Second. metoclopramide 175 (9 3%) 22/75 (29 3%) 00019 
Third promethazine 2/75 (2 7%) 10/75 (13 3%) 0 0351 





Table 3 Therapeutic and pharmacoeconomic outcome measures NNP PONV and side-effects are expressed as the number of children Other values are 
expressed as mean (SD). NNP=number needed to prevent; NNT=number needed to treat, NNS=number needed to ımprove satisfaction, PONV=postoperative 


nausea and vomiting; PACU=postanaesthesta care unit; FTT=fast tracking tame 


Outcome measure Prophylactic group 
(n=75) 

FTT (mn) 21.6 (4.1) 

PACU stay (mın) 126.5 (13 9) 

NNP/NNT PONV 2 

NNS 16 

Parental satisfaction score 82 (1 8) 

Cost to benefit a child (US$) 178 

Cost per PONV-free child (US$) 213 





Symptomatic treatment group P 
(n=75) 
28 2 (53) <0 0001 
141 1 (306) 0.0002 
9 = 
4 
6.8 (17) <0 0001 
167 - 
28.9 - 





more) than parents of children in the therapeutic ondanse- 
tron group (64 vs 25.3%, P<0.0001). The positive number 
needed to improve satisfaction (NNS) was 3.95 in the early 
treatment group and 1.56 in the prophylactic group. 

The cost to benefit a child with ondansetron was US$17.8 
in the prophylactic group and US$76.7 in the early 
therapeutic group. The total direct cost of all antiemetics 
per PONV-free child was 35.5% less with prophylactic 
ondansetron (US$21.3) than with early treatment 
(US$28.9). 


Discussion 

In our study, ondansetron administered prophylactically 
reduced the time to achieve fast track eligibility and the 
duration of PACU stay, outcomes with potential for 
perioperative cost reduction. Prophylactic ondansetron 
also improved parental satisfaction and the number needed 
to benefit a child. In addition, there was a significant 
reduction in the direct cost with the use of prophylactic 
ondansetron, The mcidence of PONV and the need for 


rescue antiemetics were significantly less in the prophyl- 
actic compared with the early treatment group. The 
increased need for metoclopramide and promethazine as 
rescue antiemetics in the therapeutic ondansetron group 
reflects the fact that ondansetron is not as effective against 
established PONV as it is in preventing PONV. In this trial, 
the two groups were comparable with respect to patient 
characteristics, surgical procedure, anaesthetics, periopera- 
tive analgesics and i.v. fluids. Therefore, the difference in 
the outcome measures between the two groups can be 
attributed directly to the difference in ondansetron 
administration. 

Strabismus repair is associated with the highest risk of 
PONV ın children.' ê Routme prophylactic use of ondanse- 
tron has been demonstrated recently to improve true 
outcome measures after strabismus repair in children, as 
well as reducing the incidence of PONV.! However, 
prophylaxis with ondansetron in a heterogeneous (varying 
PONV risk) adult population undergoing ambulatory sur- 
gery has been shown not to improve outcomes after 
outpatient surgery compared with early symptomatic treat- 
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ment.* Our study, in a homogeneous population of children 
with a high risk of PONV, demonstrated that prophylactic 
ondansetron was more effective than the early treatment. 

Most studies on PONV reported only surrogate measures, 
such as the incidence of PONV and the number of emetic 
episodes per patient. Use of surrogate outcomes alone in 
PONV studies has been criticized.” In our trial, we used 
parental satisfaction scores for the child’s perioperative 
experience, the duration of PACU stay and FTT as the true 
outcome measures. In addition, we evaluated the number 
needed to treat and prevent PONV.? The NNT was 9 but the 
NNP was 2, indicating that alternate children benefited from 
prophylactic ondansetron. 

Fast tracking after general anaesthesia, which has cost- 
reducing potential, involves transferring patients directly 
from the operating room to a less labour-intensive step- 
down unit. The time to reaching eligibility for fast tracking 
was shorter in the prophylactic group compared with the 
treatment group (Table 3). The shorter FIT in the prophyl- 
actic group can be attributed to the significant reduction in 
the incidence of PONV in the immediate postoperative 
period and the decreased need for rescue antiemetics. 
Transfer of patients directly from the operating room to a 
less labour-intensive recovery area may decrease costs.” 10 
The children ın our study stayed in the hospital for 24 h for 
social and health-care access reasons and we utilized this 
extended stay to assess the safety of fast tracking and to 
assess late PONV. Early and safe fast tracking achieved 
with prophylactic ondansetron reveals its cost-saving 
potential in this high-risk population. The FTT could have 
been even shorter in our study had we used propofol and 
sevoflurane, which were not available to us at the time of 
this study. As it is unusual to keep children in hospital for 
24 h after strabismus surgery in other parts of the world, in 
order to make our findings relevant to others we measured 
FTT and the duration of PACU stay when we analysed 
cost-benefit. 

PONV after ambulatory surgery is one of the leading 
causes of delay in discharge from the PACU, unanticipated 
hospital admission and increase in medical costs.!’~"? The 
duration of PACU stay was shorter in children who received 
prophylactic ondansetron and it could have been even 
shorter, especially in the prophylactic group, had we used 
criteria based on discharge alone and not fixed the minimum 
duration of PACU stay at 2 h (which we needed for initial 
evaluation of outcomes and management). We did not 
assess another clinically and economically important out- 
come, the rate of unanticipated hospital admission, as all our 
patients were inpatients for 24 h. Even if the children had 
been discharged immediately after surgery, it would have 
been difficult to compare the incidence of this infrequent 
event because of our relatively small sample size. ! *? 

In this era of value-conscious health care, tbe cost of a 
drug or practice to benefit a patient is a significant factor. 
Value-based care is essentially the best patient outcome 
achieved at a reasonable cost.'* ‘> This is the first clinical 


trial that has evaluated the utility of prophylactic vs prompt 
therapeutic use of ondansetron on the basis of value-based 
care principles.'* ° Children in the prophylactic ondanse- 
tron group had significantly higher parental satisfaction 
scores than those in the therapeutic group. The lower cost to 
benefit a child and lower cost per PONV-free child in the 
prophylactic ondansetron group reassert the value of 
prophylaxis with ondansetron as a cost-effective modality 
compared with early symptomatic treatment in high-risk 
patients. Even though prophylactic ondansetron was a cost- 
effective approach, the higher cost of ondansetron has been 
a major concern. Recently, it has been demonstrated that 
prophylactic dexamethasone administered at induction is 
cost-effective in managing PONV after paediatric strabis- 
mus repair.’ However, as a sole prophylactic antiemetic, 
neither dexamethasone nor ondansetron was adequate to 
eliminate PONV completely in this high-risk population. !6 
Scuderi and colleagues have recently shown that multi- 
modal management of PONV decreases the incidence of 
PONV better than prophylactic ondansetron alone in a 
population with a high risk of PONV." 

For an individual patient, the use of routine prophylactic 
ondansetron compared with ‘wait and treat’ may increase 
the direct drug costs. However, we believe that the 
‘downstream benefits’ (higher patient satisfaction, earlier 
fast tracking and shorter PACU stay) more than compen- 
sated for the additional cost. 
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Background. The inotropic effects of halogenated anaesthetics on diaphragmatic muscle 
remain a matter of debate. Their effects on its relaxation are poorly understood, although dia- 
phragmatic relaxation is recognized as an Important physiological process that may interfere 
with diaphragmatic performance, fatigue and arterial blood flow. 


Methods. The effects of halothane and isoflurane (1 or 2X minimum alveolar concentration 
[! or 2 MAC]) on contraction and relaxation of rat diaphragm muscle strips (n=40) were stud- 
ied in vitro from force—velocity curves obtained at various loads from isotonic to isometric con- 
ditions. From these curves we determined the peak power output and the curvature. Data are 
mean (SD) percentage of baseline values. 


Results. At | MAC, isoflurane and halothane induced no significant inotropic and lusitropic 
effects. At 2 MAC, isoflurane induced a negative inotropic effect (active force, 93(5)% of base- 
line), Halothane and isoflurane induced a significant decrease in the peak power output at 2 
MAC (88(8) and 86(9)% of baseline; P<0.05), without significant changes in the curvature of the 
force-velocity curve. At 2 MAC isoflurane under high loads and halothane under low loads 
induced moderate negative lusitropic effects. 


Conclusion. Halothane and isoflurane induced very moderate inotropic and lusitropic effects, 
suggesting that the decrease in diaphragm function observed in vivo is not related to a direct 
effect on diaphragmatic contractility. 
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When anaesthetics are administered during spontaneous 
breathing, or during recovery from anaesthesia, the respira- 
tory effects of volatile anaesthetics may be of clinical 
importance, particularly when diaphragmatic function is 
compromised. The direct effects of halogenated anaes- 
thetics on the intrinsic mechanical properties of the 
diaphragm remain a matter of debate. These effects are 
difficult to study in vivo because assessment of intrinsic 
mechanical properties of any muscle requires simultaneous 
measurements of force, length and velocity,’ which are 


difficult to measure simultaneously in vivo Even if such 
measurements could be obtained, interference with arterial 
blood flow, arterial blood gases, abdominal pressure and 
thus diaphragmatic load, and neuromuscular transmission 
would still be difficult to eliminate 7~* Even ın vitro studies 
have provided conflicting results with? and without 
impairment of diaphragmatic contractility by volatile 
anaesthetics. Although it is well-established that volatile 
anaesthetics only have modest effects on the contractility of 
skeletal muscle, their effects have been reported to be more 
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Fig 1 Determination of mechanical vanables of contraction and relaxation Muscle shortening length plotted vs tune (top panels), and force plotted vs 
tme (lower panels). (A) Tetanus 1 was isotonic, and tetanus 2 was fully isometric. Shortenmg (Vc) and lengthening (Vr) velocities, maximal extent of 
shortening (AL), peaks of positive (+dF.dr',,.,) and negative (dF dr'.,.,) force and active force (AF imax) Were determined from these typical isotonic 
and isometric tetanic stimuli. (B) Ten consecutive contractions at different afterload levels from zero load to isometric load. Lmax 18 the inital muscle 


length corresponding to the apex of the length—force curve. 


pronounced in the diaphragm.* Moreover, although dia- 
phragmatic relaxation is now recognized as an important 
physiological process that may interfere with diaphragmatic 
performance, fatigue and arterial blood flow,’ the effects of 
halogenated anaesthetics on this function remain poorly 
understood. 

We therefore conducted an in vitro study of the effects of 
halothane and isoflurane on isolated rat diaphragm. The 
experimental model used enabled us to determine their 
effects, not only on contraction (inotropy), but also on 
relaxation (lusitropy) and energetics.® 


Methods 


Animal care conformed to the recommendations of the 
Helsinki Declaration and the study was performed in 
accordance with the regulations of the official regulations 
issued by the French Ministry of Agriculture. 

After brief ether anaesthesia, adult Wistar rats (220— 
260 g) were killed and a muscle strip from the ventral part of 
the costal diaphragm was carefully dissected from the 
muscle in situ. As previously reported,” this diaphragm strip 
was immediately suspended vertically in a 200-ml jacketed 
reservoir with Krebs-Henseleit bicarbonate buffer solution 
(NaCl 118 mM, KCl 4.5 mM, MgSO, 1.2 mM, KH2PO, 1.1 
mM, NaHCO; 25 mM, CaCl, 2.5 mM, and glucose 4.5 mM) 
prepared daily with highly purified water. The jacketed 
reservoir was maintained at 29°C with a thermostatic water 
circulator and a temperature probe. The bathing solution 
was bubbled with 95% oxygen-5% carbon dioxide, result- 
ing in a pH of 7.40. 

Preparations were field stimulated by means of two 
platinum electrodes with rectangular pulses of 1 ms duration 
at a rate of 10 pulses min” in the twitch mode. Experiments 


were conducted after a 25-min stabilization period, at the 
initial muscle length at the apex ‘of the length-active 
isometric tension curve (Lmax). Measurements of mechan- 
ical parameters were made using tetanic stimulation at 50 
Hz (10 trains min™ of 300 ms duration, 1 ms rectangular 
pulses) to obtain maximal contractions. Cross-sectional area 
was calculated from the ratio of muscle weight to muscle 
length, assuming a muscle density of 1.06. 

The electromagnetic lever system has been described - 
previously.!° All analyses were made from digital records of 
force and length obtained with a computer, as previously 
described.*'? Variables characterizing contraction (Fig. 1A) 
were the shortening velocity (Vc), extent of shortening (AL), 
peak of the positive force derivative normalized per cross- 
sectional area (+dF.df') and active force normalized per 
cross-sectional area (AF). Variables characterizing relax- 
ation (Fig. 1A) were the lengthening velocity (Vr) and peak 
of the negative force derivative normalized per cross- 
sectional area (dF .df- D, Mechanical variables were calcu- 
lated from 10 consecutive tetanic contractions preloaded at 
Lmax with increasing afterload from zero load to fully 
isometric contraction (Fig. 1B). The first contraction was 
abruptly clamped to zero load just after the electrical 
stimulus, with critical damping in order to slow the first and 
rapid shortening overshoot resulting from the recoil of series 
passive elastic components, enabling determination of the 
maximum unloaded shortening velocity (Vmax). The second 
contraction was isotonic and loaded with preload only. The 
maximum extent of shortening (ALmax), and the maximum 
lengthening velocity (Vrmax) were determined from this 
contraction. The last contraction was fully isometric at Lmax. 
The maximum active force (AF max) and the peak of the 
positive (+dF.df' max) and negative (-dF.df max) force 
derivatives were determined from this fully isometric 
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Table 1 Baseline values of mechanical parameters. Al=maximal extent of shortening, Vmax=maximal unloaded shortening velocity, Vros.=maximal 
lengthening velocity, AF nax=maximal isometric active force normalized per cross-sectional area; +iF.dr'...—peak of the positive force derivative normalized 
per cross-sectional area, -dF.dr!_.,.=peak of the negative force derivative normalized per cross-sectional area; E..,=peak power output, G=curvature of the 
force—velocity curve. Data are presented as means (SD). There were no significant differences between groups 


Parameters Control 1 MAC halothane 
(n=8) (n=8) 
Isotony 
ALmax (Lax) 25 (6) 23 (2) 
Vax (Laa 87") 45 (0.7) 45 (0.8) 
Veeuex. (Lmax S°) 84 (13) 7212) 
Vivnex/ALmex Lomax S. %6Lmax') 0.35 (0 06) 0.32 (0.05) 
Tsometry 
AF max (0N mm) 79 (21) 82 (13) 
40F deta, (MN mm sx 970 (262) 1033 (308) 
-dF dt tinax (MN mm™~ s~’) 2196 (571) 2113 (395) 
Energetics 
Emax (Lomax MN mm s~’) 53 (12) 49 (12) 
G 29 (09) 2.6 (06) 


contraction. Vmax and AF max described the contraction phase 
(inotropy), while Vitmex and —dF.dr',,,, described the 
relaxation phase. Nevertheless, since changes in the 
contraction phase induce co-ordinated changes in the 
relaxation phase, relaxation parameters alone cannot 
adequately assess lusitropy, and therefore, variations in 
contraction and relaxation must be considered simultan- 
eously to quantify drug-induced changes in lusitropy.° Thus, 
we calculated the ratios Vimax/Almax and —dF.df1,,,,/ 
AF max, Which assessed lusitropy in isotonic and isometric 
conditions, respectively. Moreover, relaxation is highly 
dependent on load level, and thus must also be studied over 
the entire load continuum (from preload to fully isometric 
contraction).’ To characterize the isotonic relaxation pro- 
cess, the relationship between Vr and AL was determined 
over the load continuum.'! Indeed, AL is the main 
determinant of Vr. The relationship between Vr and AL is 
almost linear up to 80-90% of ALmax but then Vr increases 
to a lesser degree as AL increases up to ALmax. To 
characterize the isometric relaxation process, the relation- 
ship between —dF.dr’ and AF was determined over the load 
continuum (from 10 to 100% AFmmex).'* In muscle 
isometrically relaxing at initial muscle length, the relation- 
ship between -dF.dr” and AF is almost linear up to 80% of 
AF max, and then -dF.dr! decreases to a lesser degree as AF 
increases up to AF max- 

Muscle energetic parameters were determined from 
Huxley’s equations.'? The force~velocity curve was derived 
from the peak shortening velocity (Vc) plotted against the 
total force (TF=resting force+active force) normalized per 
cross-sectional area.’* Both measurements were obtained 
from 10 tetanic contractions, from zero load to fully 
isometric contraction. The total force—velocity (7F—Vc) 
curve was fitted according to the Hill equation: "° 


(TF+a)(Vc+b)=(TF maxta)b 


where -a and —b are the asymptotes of the hyperbola, TF max 
is the calculated maximum isometric total force for Vc=0. 
The following energetic parameters were derived from the 


2 MAC halothane 1 MAC isoflurane 2 MAC isoflurane 
(n=8) (n=8) (n=8) 

28 (2) 26 (6) 27 (4) 

4.9 (0.7) 42 (08) 49 (0.7) 
88 (2.1) 8.2 (0.9) 84h 
032 (0 07) 0.32 (0.08) 0 32 (0 06) 
76 (21) 87 (18) 79 (10) 
1027 (96) 945 (153) 984 (199) 
2027 (417) 2341 (486) 2298 (424) 
52 (10) 50 (15) 48 (9) 
30(07) 24 (05) 3.0 (0 4) 





Hill hyperbola: the curvature of the hyperbola (G) and the 
non-normalized maximum power output (Emax)? G is 
linked to myothermal efficiency and cross-bridge kinetics. 
The more curved the Hill hyperbola (i.e. the higher value of 
G), the higher the muscle efficiency.'® 

Diaphragmatic strips were divided into five groups (n=8 
in each group), as follows: (i) time-matched control, (1i) 1 
minimum alveolar concentration (1 MAC) halothane, (iii) 2 
MAC halothane, (iv) 1 MAC isoflurane and (v) 2 MAC 
isoflurane. Halothane and isoflurane were added to the 
carbon dioxide-oxygen mixture with a specific calibrated 
vaporizer (Fluotec 3 for halothane and Fortec 3 for 
isoflurane; Cyprane Ltd., Keighley, UK). The gas mixture 
bubbled continuously in the bathing solution. To minimize 
evaporation of volatile anaesthetics, the jacketed reservoir 
was almost completely sealed with a thin paraffin layer. The 
concentration of volatile anaesthetics in the gas phase was 
continuously monitored with a calibrated infrared analyser 
(Artema MM 206 SD; Taema, Antony, France). The 
halothane concentrations used were 0.6 and 1.2%, and 
isoflurane concentrations were 0.8 and 1.6%. These con- 
centrations are equivalent to 1 and 2 MAC of halothane and 
isoflurane, respectively, in the adult rat at 29°C.!7 Halothane 
and isoflurane were administered for a 15-min equilibration 
period before measurements were made. 

Data are expressed as mean (SD). Comparisons of two 
means were performed using the Student’s ¢ test and 
comparison of several means was performed using analysis 
of variance and Newman-Keuls test. The energetic param- 
eters were derived from the Hill equation’® using multi- 
linear regression and the least-square method, as previously 
described.'* All P-values were two-tailed, and a P-value 
<0.05 was considered significant. 


Results 


Mean cross-sectional area was 1.07 (0.25) mm”, and mean 
Lmax Was 8.7 (1.0) mm. The baseline values of mechanical 
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Table 2 Effects of halothane and isoflurane on diaphragmatic muscle AL=maximal extent of shortening; Vaas=maximal unloaded shortening velocity, 
Vimex=maximal lengthening velocity; AF,.,..=maximal isometric active force normalized per cross-sectional area; +dF df i ex=peak of the positive force 
derivative normalized per cross-sectional area, -dF di! max=peak of the negative force derivative normalized per cross-sectional area; Emax=peak power output, 
G=curvature of the force—velocity curve Data are mean percentage of baseline values (SD) *P<0.05 vs control group 





























Parameter Control 1 MAC halothane 2 MAC halothane 1 MAC isoflurane 2 MAC isoflurane 
(n=8) (n=8) (n=8) (n=8) (1x8) 
Tsotony 
Al npax 99 (2) 97 (5) 101 (4) 101 (2) 100 (3) 
Voaz 95 (5) 99 (4) 97 (4) 98 (3) 96 (6) 
Vimax 92 (4) 89 (7) 84 (10) 94 (6) 92 (4) 
Vima ALn 92 (4) 91 (4) 83 (10)* 94 (6) 93 (4) 
Tsometry 
AF max 105 (7) 100 (6) 97 (8) 100 (5) 93 (5)* 
40F drt. 99 (8) 98 (9) 91 (9) 101 (9) 91 (10)* 
-AF dfl nax 100 (7) 98 (9) 90 (11) 93 (6) 83 (4)* 
dF df? aa AF max 95 (10) 98 (7) 92 (6) 94 (4) 90 (2)* 
Energetics 
Emax 99 (6) 99 (9) 88 (8)* 99 (11) 86 (9)* 
G 101 (7) 103 (17) 100 (12) 107 (15) 106 (19) 
12- Halothane 
10 
= 8 = 
D ln In 
S S 
a 4 a 
2 O 1 MAC 
@ Baseline 
0 
0 5 10 15 20 25 30 18) § 10 15 20 25 30 
A AL (AL imax) B AL (%L mas) 


Fig 2 Effects of (A) 1 MAC halothane (n=8) and (B) 1 MAC isoflurane (n=8) on the relationship between lengthening velocity (Vr) and extent of 
shortening (AL) in diaphragmatic muscles. AL is the main determinant of Vr, and the umitial part of Vr/AL relationship 1s almost linear up to 80-90% of 
AL wax; then Vr increases to a lesser degree as AL increases up to ALmax- Data are means (SD). 


and energetic parameters were not significantly different 
between groups (Table 1). 

Under low load (Vingx, AL, Vimax) at 1 and 2 MAC, 
halothane and isoflurane induced no significant inotropic or 
lusitropic effects (Table 2). Under high load, isoflurane at 2 
MAC induced significant negative inotropic (AF ax) and 
lusitropic (—dF.df nex) effects (Table 2). Conversely, at 1 
MAC, halothane and isoflurane induced no significant 
effects. 

Isoflurane induced no significant changes in the Vrmax/ 
Almax ratio (Table 2). Halothane 2 MAC induced a 
significant decrease of the Vr,nax/ALmax ratio. Because AL 
is the main determinant of Vr, we also studied the 
relationship, Vr/AL, over the load continuum. Halothane 
and isoflurane did not significantly modify the initial linear 
part of the Vr/AL relationship (Fig. 2). Isoflurane at 2 MAC 
induced a significant change in the —dF.df ' max’ AF max Tatio. 
Because AF is the main determinant of -dF.df!, we also 


studied the relationship -dF.df'/AF over the load con- 
tinuum. Under baseline conditions, an increase in load 
accelerated —dF.dr™ ın a linear manner of up to around 80% 
of AF max. However, under high loading conditions, -dF.dr' 
decreased as AF increased. Halothane and isoflurane did not 
significantly modify the initial linear part of the -dF.df/AF 
relationship (Fig. 3). 

The force—velocity curves were correctly depicted by the 
Hill hyperbola, as shown by the high correlation coefficients 
(0.998 (0.002)). Halothane and isoflurane at 2 MAC induced 
a moderate but significant decrease in Emax (Table 2). 
Halothane and isoflurane did not significantly modify the 
curvature, G, of the force—velocity curve (Table 2, Fig. 4). 


Discussion 
The main findings of this study were that (i) at 2 MAC, 
isoflurane under high loads (isometric conditions) induced a 
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Fig 3 Effects of (A) 1 MAC halothane (n=8) and (B) 1 MAC isoflurane (m=8) on the relationship between the peak of the negative force derivative 
(-dF dr) and active force (AF) ın diaphragmatic muscles. AF is the main determinant of Vr; and the mitial part of -dF.dr/AF relationship is almost 
linear up to 80-90% of AF max; then —dF df! decreases to a lesser degree as AF increases up to AF max- Data are means (SD). 
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Fig 4 Effects of 1 MAC of halothane (r=8) and isoflurane (n=8) on (A) the total force (F)—velocity (V) relationship and (B) the normalized F-V 
relationship. Emn =maxımum power output, G=curvature of the F-V curve; NS=not significant 
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hegative inotropic effect; (ii) at 2 MAC, isoflurane under 
high loads and halothane under low loads (isotonic condi- 
tions) induced a negative lusitropic effect; (iii) halothane 
and isoflurane at 2 MAC decreased the maximal power 
output, Emax, Whereas they did not modify the curvature, G, 
of the force—velocity curve. 

In vitro, halogenated anaesthetics have a moderate 
positive inotropic effect on skeletal muscle,'® but the 
diaphragm, unlike other skeletal muscles, requires extra- 
cellular calcium for its normal contractile function.'® 
Conflicting effects of volatile anaesthetics have been 
observed in in vivo experiments. Indeed some studies have 
suggested that halogenated anaesthetics induce diaphrag- 
matic contractile dysfunction,*°?! whereas other studies 
did not.° Because of the anaesthetic-induced changes in 
arterial blood pressure and diaphragmatic blood flow, 
central nervous system and neuromuscular transmission, 
the precise effects of halogenated anaesthetics on intrinsic 
diaphragmatic contraction are very difficult to assess in vivo. 
In an in vitro study under isometric conditions, Kawaga and 
colleagues” have suggested that halothane and sevoflurane 
decrease the force of the hamster diaphragm only during 
fatigue. In our study in isolated rat diaphragm, we confirmed 
the lack of significant effect of halothane under isometric 
conditions. When the effects of anaesthetics on myocardial 
muscle are compared as force development (isometric 
condition) vs shortening (isotonic condition), anaesthetics 
typically depress force development more than velocity of 
shortening.” Our study agrees with these results because we 
found a moderate negative inotropic effect only under 
isometric, and not isotonic, conditions. 

In our study, halothane and isoflurane at 2 MAC 
decreased the maximal power output, Emax, whereas they 
did not modify the curvature, G, of the force—velocity curve 
(Table 3). G is linked to myothermal economy and cross- 
bridge kinetics." "$ The more curved the hyperbola (i.e. the 
higher value of G), the higher the muscle efficiency. It has 
been shown that fatigue increases mechanical efficiency in 
rat diaphragm.” Rat diaphragm is composed of both faster 
fatigue-sensitive and slower fatigue-resistant fibre types, 
and fatigue displaces the characteristics of the muscle 
towards the slower fatigue-resistant fibres.” In our study, 
halothane and isoflurane did not modify the G curvature and 
these findings support a lack of effect of volatile 
anaesthetics on fast fatigue-sensitive fibres.” 

In skeletal muscle, relaxation consists of an isotonic 
lengthening, during which the muscle returns to its initial 
length (isotonic relaxation), and thereafter an isometric 
decay, during which the muscle returns to its initial resting 
force (isometric relaxation).2° In separately studying 
isotonic and isometric relaxation, the experimental model 
used in the present study enabled determination of the 
effects of halogenated anaesthetics on the main subcellular 
pathways responsible for relaxation. In striated muscle, 
sarcomere length modulates myofilament calcium sensitiv- 
ity and thus relaxation. Under isotonic conditions, which 


correspond to significant sarcomere shortening, the sensi- 
tivity of troponin C to calcium is low and relaxation 
proceeds more rapidly than contraction, apparently due to 
rapid calcium uptake by the sarcoplasmic reticulum.’! Only 
halothane at 2 MAC induced a significant decrease in the 
Viax/ALmax ratio, suggesting an increase in resting 
cytosolic calcium using halothane. Isometric relaxation 
was studied by the -dF.dr/4F relationship. The initial part 
of this relationship up to 80% of AF max 1s determined by 
passive mechanisms,” including the effects of external load 
and restoring forces, and was not altered by halothane or 
isoflurane (Fig. 3). Under isometric (i.e. high load) condi- 
tions, which correspond to greater sarcomere length, the 
affinity of troponin C to calcium is higher, and relaxation 1s 
mainly determined by the dissociation of calcium from 
troponin C, rather than calcium uptake by the sarcoplasmic 
reticulum.!! Isoflurane at 2 MAC induced a significant 
change in the —dF.df ya/AFmax ratio, suggesting an 
interaction with contractile proteins. Our results agree 
with the effects observed on the myocardial and skeletal 
muscles because we found (1) an impairment of isotonic 
relaxation by halothane, supporting a greater effect of 
halothane on calcium leakage from the sarcoplasmic 
reticulum?’ and a higher resting cytosolic calcium; (2) an 
impairment of isometric relaxation by isoflurane as recently 
showed by Kunst and colleagues”® on skeletal muscle, 
supporting a greater interaction between contractile proteins 
and isoflurane than halothane.”® 

The assessment of the effects of halogenated anaesthetics 
on isometric and isotonic relaxation was not only motivated 
by the study of main intracellular components involved in 
relaxation, i.e. sarcoplasmic reticulum and calcium myofila- 
ment sensitivity. Indeed, relaxation of the diaphragm is now 
recognized as an important active physiological process that 
requires energy and whose alteration may produce clinically 
relevant consequences.’ An incomplete relaxation prevents 
the return of the diaphragm to its optimal length between 
each inspiration (i.e. at the apex of the length—active 
isometric tension curve) and thus optimal force generation. 
Secondly, during extreme activity, blood flow to the 
diaphragm is reduced or even abolished during contraction, 
so relaxation is critical to allow adequate blood flow.” Very 
few studies have assessed the effects of halogenated 
anaesthetics on diaphragmatic relaxation. Veber and col- 
leagues” reported a prolonged relaxation rate with 
isoflurane (1.5 MAC) in the rat, but relaxation was studied 
only in quasi-isometric conditions and not on the load 
continuum.’ Moreover, the effects on relaxation were not 
assessed by taking into account the simultaneous effects of 
contraction.’ ? In our study, we observed that halogenated 
anaesthetics weakly interfere with diaphragmatic relax- 
ation, and only at a high concentration (2 MAC) not usually 
encountered during spontaneous ventilation in anaesthe- 
tized patients. 

The following points must be considered when assessing 
the relevance of our results. First, because this study was 
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conducted in vitro, it dealt only with intrinsic diaphragmatic 
contractility. Observed changes in diaphragmatic function 
after anaesthetic administration may also depend on modi- 
fications in diaphragmatic arterial blood flow, central 
nervous system respiratory drive, modification of diaphrag- 
matic shape and neuromuscular transmission. Second, the 
study was conducted at 29°C because the stability of the 
model is low at 37°C. In addition, the temperature had to be 
lowered to prevent core hypoxia.?! 

In conclusion, in isolated rat diaphragmatic muscle, 
halothane and isoflurane induced very moderate inotropic 
and lusitropic effects, which were only significant at 2 
MAC, and myothermal efficiency was not significantly 
affected. These results suggest that the decrease in dia- 
phragm function observed in vivo with halogenated 
anaesthetics is not related to a direct effect on diaphragmatic 
contractility. 
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Pharmacological preconditioning: comparison of desflurane, 
sevoflurane, isoflurane and halothane in rabbit myocardium’ 
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Background. Recent investigations showed that isoflurane can induce pharmacological pre- 
conditioning. The present study aimed to compare the potency of four different halogenated 
anaesthetics to Induce preconditioning. 


Methods. Anaesthetized open-chest rabbits underwent 30 min of coronary artery occlusion 
followed by 3 h of reperfusion. Before this, rabbits were randomized into one of five groups 
and underwent a treatment period consisting of either no intervention for 45 min (control; 
n=10), or 30 min of | MAC halogenated anaesthetic inhalation followed by 15 min of washout. 
End-tidal concentrations of halogenated agents were 3.7% for sevoflurane (n=11), 1.4% for 
halothane (n=9), 2.0% for isoflurane (n=11), and 8.9% for desflurane (n=11). Area at risk and 
infarct size were assessed by blue dye injection and tetrazolium chloride staining. 


Results. Mean (sp) infarct size was 54 (18)% of the risk area in untreated controls and 40 
(18)% in the sevoflurane group (P>0.05, ns). In contrast, mean infarct size was significantly smal- 
ler in the halothane, isoflurane, and desflurane groups: 26 (18)%, 32 (18)% and 16 (I7)%, 
respectively (P<0.05 vs control). 


Conclusions. Halothane, isoflurane and desflurane induced pharmacological preconditioning, 
whereas sevoflurane had no significant effect. In this preparation, desflurane was the most 


effective agent at preconditioning the myocardium against ischaemia. 
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There is growing evidence that halogenated anaesthetics are 
cardioprotective. They decrease infarct size following a 
prolonged ischaemic insult’? and improve postischaemic 
functional recovery (ic. myocardial stunning). $ 
Preconditioning is an endogenous phenomenon whereby 
repeated brief episodes of coronary artery occlusion protect 
the heart against further sustained ischaemia.’*® Recent 
studies have demonstrated that administration of some 
pharmacological agents, including halogenated anaes- 
thetics, before prolonged ischaemia can precondition the 
heart (‘pharmacological preconditioning’).?'°. In 1997, 
Cope and colleagues,” using a Langendorff rabbit model, 
Kersten and colleagues'° and Cason and colleagues,’! using 
dog and rabbit in vivo models, reported that the pre- 
administration of isoflurane followed by a washout penod 
preconditioned the heart. Later studies have used isoflurane 


to investigate the underlying mechanisms of this 
protection.!*-!* Activation of mitochondrial Karp channels 
is probably involved in isoflurane-induced precondition- 
ing.'* Halothane has been shown to induce pharmacological 
preconditioning in an in vitro model.” Four different 
inhalational anaesthetic agents are currently used in our 
clinical practice: halothane, isoflurane, sevoflurane and 
desflurane. However, whether their myocardial precondi- 
tioning potency is equivalent is unknown. The aim of the 
present study was therefore to compare the efficacy of these 
four halogenated agents at triggering pharmacological 
preconditioning in the in vivo rabbit model. 
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Control Baseline "ischaemia Reperfusion 
{n=10) 60 min 30 min 3h 
Sevoflurane Baseline Sevoflurane 1MAC | Washout Ischaemia Reperfusion 
(n=11) 15 min 30 min 15min § 30 min 3h 
Halothane Baseline Halothane 1MAC | Washout ischaemia Reperfusion 
(n=9) 15 min 30 min 15 min 30 min 3h 
Isoflurane Baseline isoflurane IMAC | Washout Ischaemia Reperfusion 
(n=11) 15 min 30 min 15 min 30 min 3h 
Desflurane Baseline Desflurane1MAC | Washout Ischaemia Reperfusion 
(n=11) 15 min 30 min 15 min 30 min. 3h 
Baseline -15 min Omin 30 min th 2h 3h 
| Occlusion Reperfusion 
Time 


Fig 1 Experimental protocol Filled bars represent ischaemia; empty bars represent perfusion. Sevoflurane, halothane, 1soflurane and desflurane were 
titrated to end-tidal concentrations of 3 7%, 1.4%, 2 0% and 8.9%, respectively. 


Material and methods 


All experiments performed in this study conformed to the 
Guiding Principles in the Care and Use of Animals 
approved by the American Physiologic Society. The 
Laboratoire de Physiologie Lyon Nord and the investigators 
had authorization from the French government to perform 
such animal studies. 

A total of 73 New Zealand White rabbits of either sex 
(2.0-2 5 kg) were premedicated with xylazine 5 mg kg” 
ım. and anaesthetized with ketamine hydrochloride 
50 mg kg™ i.m. Anaesthesia was maintained by continuous 
infusion of a mixture of ketamme 3 mg kg” h™ and 
xylazine 1.5 mg kg h™. Adequate depth of anaesthesia 
was ensured before any surgical procedures by the absence 
of pedal and palpebral reflexes. Following tracheostomy, 
the animal’s lungs were ventilated mechanically (Servo 
ventilator 900B, Siemens-Elema, Sweden and SA2 ventila- 
tor, Drager, Lübeck, Germany) with 100% oxygen. Tidal 
volume was set at 15 ml kg” and the respiratory rate to 
35 bpm. Ventilation was adjusted to maintain end-tidal CO2 
E’co, in the physiological range. End-tidal gas concentrations 
were measured continuously (gas analyser Capnomac 
Ultima, Datex, Helsinki, Finland). Body temperature, 
recorded through a thermistor inserted into the oesophagus, 


was maintained between 39.0 and 40.5°C by means of a 
servo-controlled heating element incorporated into the 
operating table. Limb lead H of the ECG was monitored 
continuously by means of subcutaneous needle electrodes. 
Systemic arterial pressure was monitored using a Gould 
pressure transducer connected to a 1-mm fluid-filled cath- 
eter inserted in the right carotid artery. The right internal 
jugular vein was catheterized with a 1 mm catheter to infuse 
fluids and drugs. Hetastarch 5 ml kg hv! was infused 
continuously via this intravenous cannula. Fentanyl 50 pg 
i.v. was injected before thoracotomy to provide adequate 
analgesia. 

The heart was exposed via a left thoracotomy The first 
large marginal branch of the circumflex artery was identified 
and a 5/0 Dexon suture was passed around this artery, 
approximately halfway between the apex and the base. The 
suture ends were threaded through a small vinyl tube to 
make a snare to perform further coronary occlusion and 
reperfusion. After the surgical procedure, a 15-min 
stabilization period was allowed. 

In all groups, the coronary artery was occluded for 30 min. 
Myocardial ischaemia was confirmed by the appearance of a 
regional cyanosis on the epicardium distal to the snare, 
akinesia or bulging in this area, and a marked ST segment 
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Table 1 Haemodynamic measurements in different experimental groups Data are mean (sb). *P<0 05 vs control 














Control Sevoflurane Halothane Isoflurane Desflurane 

Systolic arterial pressure (mm Hg) 
Baseline 81 (16) 75 (14) 80 (16) 78 (13) 78 (14) 
-15 min occlusion 80 (20) 56 (18)* 60 (9) 62 (5) 54 (8)* 
Pre-occlusion T (19) 80 G7) TT (20) 73 G14) 81 (10) 
30 min occlusion 71 (11) 68 (11) 69 (14) 66 (14) 74 (12) 
1 h reperfusion 71 (13) 62 (25) 76 (11) 65 (16) 78 (9) 
2 h reperfusion 68 (15) 71 (10) 72 (13) 65 (11) 77 11) 
3 h reperfusion 67 (19) 69 (10) 66 (19) 67 (18) 70 (15) 
Heart rate (beats min`’) 
Baseline 191 (36) 175 (25) 177 (32) 188 (16) 191 (26) 
-15 min occlusion 198 (39) 163 (34) 215 (48) 191 (28) 201 (30) 
Pre-occlusion 203 (38) 172 (29) 181 (39) 194 (28) 184 (25) 
30 mm occlusion 210 (G7) 171 (28) 175 (27) 204 (39) 175 (29) 
1 h reperfusion 212 (24) 167 (33)* 171 (6) 192 (39) 177 (29) 
2 h reperfusion 211 (27) 168 (25)* 157 (25)* ` 197 (46) 174 (19) 
3h reperfusion 212 (31) 176 (15) 163 (43)* 179 (44) 172 (29) 

fy hee 
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elevation on the ECG. After 30 min, the snare was released 
and reperfusion allowed for a period of 3 h. Reperfusion was 
visually confirmed by the appearance of hyperaemia. The 
thread passed around the marginal artery was left in place. 

At the end of the reperfusion period, the coronary artery 
was briefly re-occluded and diluted Uniperse blue (Ciba- 
Geigy, Hawthorne, NY, USA) was injected into the jugular 
vein to delineate the in vivo area at risk. With this technique, 
the previously non-ischaemic area appears blue whereas the 
area at risk remains unstained. Anaesthetized rabbits were 
then injected with potassium chloride (1 g) and the heart 
was excised and cut into five or six 2-mm-thick transverse 
slices. 

After removing right ventricular tissue, each slice was 
weighed and identified. The basal surface of each slice was 
photographed for future measurement of the area at risk. 
Each slice was then incubated for 15 min in tetrazolium 
chloride to differentiate infarcted (pale) from viable (red) 
myocardial area.'> Each slice was then photographed again. 
Using enlarged projections, the boundaries of the different 
areas on each slice were traced. The extent of left ventricle 
(LV) area, area at risk and infarct size were quantified by 
computerized planimetry (ImageJ software, version 1.01z, 
National Institutes of Health, USA) and corrected for the 
weight of the tissue slice. Total weights of area at risk and 
area of necrosis were then calculated and expressed as 
weight (g) or as percentages of total LV weight. It was 
decided prospectively that hearts with a risk region <10% of 
the LV weight would be excluded from the study. 


Experimental groups 

Animals were randomly assigned into five groups (Fig. 1). 
Ail groups underwent a 30-min coronary artery occlusion 
and 3 h of reperfusion. Before this prolonged ischaemia, 
they underwent a 45-min treatment period. After the 15-min 
stabilization period, the halogenated anaesthetic was added 


to the inspired gas for 30 min and discontinued 15 min 
before ischaemia. Volatile anaesthetics were titrated to an 
end-tidal concentration of 3.7% sevoflurane, 1.4% ha- 
lothane, 2.0% isoflurane and 8.9% desflurane, correspond- 
ing to 1.0 MAC of each anaesthetic in the rabbit.1&!* For 
each animal, end-tidal concentration of halogenated agent 
was less than 0.1% at the end of the washout period. 

Isoflurane and sevoflurane were purchased from Abbott 
laboratories (Queenborough, UK), halothane from Zeneca 
Pharma (Cergy, France) and desflurane from Baxter 
(Lessines, Belgium). 


Statistics 

Statistical analysis of haemodynamics and Eco, was 
performed using two-way ANOVA with repeated measures 
on one factor. LV weight and area at risk were analysed by 
analysis of variance. Effect of pretreatment on percent of . 
risk zone infarcted was analysed by one-way analysis of 
variance followed by Dunnett’s post test when appropriate. 
Differences in infarct sizes among groups were evaluated by 
analysis of covariance and post-hoc least significance 
difference test, with infarct size as the dependent variable 
and area at risk as the covariant. Statistical calculations were 
performed using Statistica 5.0 (Statsoft Inc., Tulsa, OK, 
USA) and GraphPad InStat version 3.00 for Windows 95 
(GraphPad Software, San Diego, CA, USA). All values are 
expressed as mean (SD). P<0.05 was considered significant. 


Results 


Mortality and exclusion 


Of the 73 rabbits included in this study, seven were 
excluded because of fatal ventricular fibrillation during 
coronary occlusion (one control, one sevoflurane, one 
halothane, two isoflurane and two desflurane) and six 
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Table 2 Area at risk, infarct sıze and msk zone infarcted Data are mean (SD). LV, left ventricle. *P<0 05 vs control 


Control Sevoflurane 
LV weight (g) 2.93 (0.62) 2.69 (0.35) 
Area at risk (% LV) 30 (10) 41 (12) 
Area at risk (g) 0 92 (0.31) 111 034 
Infarct size (g) 0.51 (0.25) 0.47 (0 29) 
Risk zone infarcted (%) 54 (18) 40 (18) 


Necrosis/area at nsk (% LV) 





Control Sevoflurane Halothane Isoflurane Desflurane 


Fig 2 Infarct size expressed as percentage of area at nsk for each 
individual animal. Horizontal lines are means Halothane, isoflurane and 
desflurane pre-admimstration significantly reduced infarct size, 
sevoflurane pre-admumstration had no effect *P<0 05 vs control. 


because of severe heart failure (obvious cardiac dilatation 
and systolic arterial pressure <40 mm Hg) during coronary 
occlusion or reperfusion (one control, two sevoflurane, one 
halothane, one isoflurane and one desflurane). Seven rabbits 
were excluded because of technical problems during 
surgical preparation and one because the photograph of 
the heart slices was unreadable. Data are presented for the 
52 remaining rabbits: 10 control and 11 sevoflurane-, 9 
halothane-, 11 isoflurane- and 11 desflurane-treated rabbits. 


Haemodynamic data 


Haemodynamic data, including heart rate and arterial 
pressure, are summarized in Table 1. Inhalational anaes- 
thetic administration decreased systolic arterial pressure 
consistently but transiently in all groups. This effect was 
statistically significant for the sevoflurane and desflurane 
groups. E’co, and body temperature did not differ between 


the groups. 


Infarct size 


Data for the area at risk and infarct size are presented in 
Table 2 and Figure 2. LV weight and area at risk were 
comparable between the different groups, with mean value 
of area at risk ranging from 30 (10)% to 47 (13)% of LV 
weight. 





Halothane Isoflurane Desflurane 

2 60 (0 26) 2.74 (0.37) 279 (0 49) 
47 (13) 38 (12) 36 (13) 

1.21 (0.33) 1.01 (028) 0.99 (0 32) 

0.29 (Q 18)* 0 33 (0 23)* 0 14 (0 12)* 
26 (18)* 32 (18)* 16 (17)* 





Infarct size in the control group was 54 (18)% of the area 
at risk. Pretreatment with sevoflurane failed to significantly 
decrease infarct size (40 (18)% of area at risk) whereas pre- 
administration of halothane, isoflurane or desflurane sig- 
nificantly attenuated myocardial infarct size (26 (18)%, 32 
(18)% and 16 (17)% of area at risk, respectively). 

These data were confirmed when comparing the weights 
of the infarct size with area at risk as a covariant, which 
represents a major determinant of myocardial infarction in 
the rabbit model (Table 2). 


Discussion 

The present study showed that a 30-min pre-administration 
of halothane, isoflurane or desflurane, followed by a 15-min 
washout period, significantly decreased myocardial infarct 
size following a subsequent prolonged ischaemic insult, 
Desflurane was the most potent agent. Sevoflurane had no 
significant effect in this model. 

Several studies have reported the cardioprotective effects 
of halogenated anaesthetics against ischaemia-reperfusion, 
depending on the timing of administration and the 
ischaemic time. Warltier and colleagues* and Meissner 
and colleagues? showed that halothane, isoflurane and 
desflurane can attenuate myocardial stunning. All four 
inhalational anaesthetics can limit infarct size in in vive 
preparations, whether they have been administered during a 
sustained ischaemia or during the reperfusion. When given 
during a sustained ischaemic period, halothane! and 
isoflurane” decreased infarct size. When given only during 
the reperfusion period, desflurane and sevoflurane limited 
myocardial necrosis, whereas isoflurane had no effect.!? A 
30-min inhalation of sevoflurane’ or desflurane?’ discon- 
tinued just before the onset of ischaemia also had significant 
anti-necrotic effect. 

Pre-administration of isoflurane also exerted a protective 
effect by reducing infarct size when the discontinuation of 
this volatile agent was followed by a washout period before 
ischaemia. This isoflurane-induced pharmacological pre- 
conditioning has been shown in vitro? and in vivo. !! 
Similar observations have been made using halothane and 
enfiurane.? Similar to ischaemic preconditioning, isoflur- 
ane-induced preconditioning involves adenosine recep- 
tors,!? G, protein’? and mitochondrial Karp channels.'* 
Adenosine Al receptors and protein kinase C can also 
modulate halothane-induced preconditioning.” 
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Our study is the first to address the issue of the intensity of 
the preconditioning effect of these four halogenated agents 
in the same experimental conditions. We found that the 
degree of protection differed between the four agents. 
Sevoflurane failed to significantly reduce infarct size. While 
halothane and isoflurane appeared very similar, desflurane 
displayed the most potent cardioprotective effect. 
Consistent findings have been reported by Toller and 
colleagues using a canine model.? The authors showed 
that discontinuation of a 30-min administration of 1 MAC 
sevoflurane just before onset of ischaemia decreased infarct 
size. However, when sevoflurane was discontinued 30 min 
before ischaemia, the myocardial protective effect disap- 
peared. Two-minute ischaemic preconditioning was not 
long enough to precondition the heart. However, 2-min 
ischaemia associated with a 30-min sevoflurane pre-admin- 
istration and a 30-min washout penod decreased infarct 
size. Preconditioning induced by desflurane has not been 
shown previously. As with ischaemic preconditioning and 
isoflurane-induced preconditioning, Karp channels may be 
responsible for desflurane cardioprotection.” 

The reasons for the differences between the four 
inhalational agents remain unclear. Hypotension induced 
by volatile agents does not seem to be involved in the 
volatile-anaesthetic-induced preconditioning, the main 
mechanism involved being a direct effect on Karp chan- 
nels.!° In the current study, desflurane and sevoflurane were 
the most hypotensive agents, with opposite effects on infarct 
size. This is in agreement with Cope and colleagues,” who 
showed a lack of correlation between infarct size and the 
hypotensive effects of volatile anaesthetics. Although +dp/ 
dt and —dp/dt were not measured, it is possible that the 
different lusitropic and inotropic effects of the four 
anaesthetics might influence these results. 

The basal anaesthetic protocol might influence our 
results, because ketamine has been shown to block 
preconditioning”’whereas 5 opiates such as fentanyl confer 
cardioprotection by mimicking ischaemic precondition- 
ing.” However, all groups received the same anaesthetic 
protocol, and it is unlikely that this could explain the 
differences between groups. 

Like ischaemic preconditioning,” some volatile anaes- 
thetics, such as halothane and isoflurane, can inhibit 
apotosis.** Although we did not measure tissue ATP 
concentrations or assess apoptosis, we cannot rule out that 
sevoflurane pre-administration can be protective by decreas- 
ing apoptosis without significantly decreasing infarct size. 

One possible explanation of the most pronounced effect 
of desflurane in our study is an increase in sympathetic 
activity” or the release of myocardial catecholamines” 
induced by this agent. Indeed, it has been shown that 
G-adrenergic agonists may trigger ischaemic precon- 
ditioning.”””* Regarding an increase in sympathetic 
activity, desflurane-induced hypotension was not con- 
comitant of tachycardia in the present study, which might 
signify a lack of sympathetic activation. Moreover, Pac-Soo 


and colleagues?’ showed in a rabbit model that although low 
concentrations of isoflurane (1.2%) and desflurane (6%) 
increased renal sympathetic nerve activity, higher concen- 
trations (such as those used in our study) depressed 
sympathetic activity. On the other hand, Gueugniaud and 
colleagues suggested that desflurane may be responsible for 
myocardial catecholamine release in isolated rat myocar- 
dium.” However, it is not known how myocardial 
catecholamine release may influence desflurane-induced 
preconditioning. 

Toller and colleagues’ suggested that the lack of effect of 
sevoflurane might be explained by the low blood gas 
solubility coefficient (0.62),” resulting in less residual drug 
in the myocardium at the end of the washout period than 
with isoflurane. This does not fit with our data, however, 
since we demonstrated that desflurane, with the lowest 
blood-gas partition coefficient (0.49),°° exhibited the most 
pronounced effect. 

We only examined the effects of 1 MAC; however, we 
cannot rule out that there is a dose-response curve and that a 
higher concentration of sevoflurane might be effective in 
preconditioning the rabbit heart. 

In conclusion, our results indicate that halothane, 
isoflurane and desflurane, but possibly not sevoflurane, 
can induce pharmacological preconditioning. Further stud- 
ies are needed to address the selective efficacy and 
mechanism of action for each of these agents. 
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Background. The commercial propofol preparation in an Intralipid solution causes marked 
vasodilatation. Both propofol and its solvent seem to stimulate the nitric oxide (NO) pathway. 
The role of Intralipid in cardiac and regional haemodynamic changes induced by propofol and 
their respective interactions with the NO pathway was assessed. 


Methods. Dogs were instrumented to record arterial pressure, heart rate, cardiac output, 
dP/dt (the first derivative of left ventricular pressure) and vertebral, carotid, coronary, 
mesenteric, hepatic, portal and renal blood flows. Experimental groups were as follows. Group 
| (control; n=11): N-methyl-L-arginine (L-NMA) 20 mg kg™ iv.; Group 2 (n=8): propofol 
(10 mg mr’) 4 mg kg! iv. bolus followed by 0.6 mg kg! min™'; Group 3 (n=6): intralipid 
0.25 ml kg”! bolus followed by 0.06 ml kg! min™!. After 60 min, L-NMA was injected in 
Groups 2 and 3. 


Results. Propofol induced increases in heart rate, coronary and carotid blood flows, and 
decreases in systemic vascular resistance and dP/dt. Intralipid increased renal blood flow, 
carotid vascular resistance and mesenteric vascular resistance. In the presence of intralipid, 
L-NMA-induced pressor response and systemic, carotid and renal vasoconstriction were more 
pronounced than in control dogs. 


Conclusions. Except for the coronary and carotid circulations, intralipid modulates the NO 
pathway in cardiac and regional blood flow. 
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It is well established that intravenous injection of propofol 
produces hypotension and peripheral vasodilatation. The 
mechanism of its cardiovascular effects appears to be 
complex and is only partially understood even after more 
than 15 years of research. Pagel and colleagues! demon- 
strated that propofol produces a direct negative inotropic 
effect that contributes to its cardiovascular properties. Lowe 
and colleagues” demonstrated that the effects of propofol on 
cardiac function are also indirect and are mediated in part by 
an increase in aortic compliance and a decrease in systemic 
vascular resistance. Several mechanisms have been pro- 
posed to account for the -vasodilatator properties of 
propofol, such as inhibition of the sympathetic vasocon- 
strictor nerve activity, 4 blockade of calcium channels,> 


activation of K* arp channels and stimulation of nitric oxide 
(NO) production.°’ 

Propofol, which is mostly lipid soluble, is available in an 
intralipid solution. Although Hageman and colleagues 
reported that intralipid itself produced pulmonary vaso- 
dilatation,® the cardiac and regional haemodynamic proper- 
ties of intralipid remained unknown in in vivo studies. 
Furthermore, studies performed in vitro demonstrated that 
lipid solutions also modulate endothelial NO activity? '° 
and/or endothelium-dependent relaxation.!! 1? Therefore, 
we postulated that the propofol solvent, intralipid, may also 
contribute to the cardiac and regional haemodynamic 
properties of propofol solution as well as to the propofol- 
mediated stimulation of the NO pathway. 
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Role of nitric oxide in the haemodynamuc effects of propofol 


Materials and methods 


The University of Texas Animal Welfare Committee 
approved this protocol. 


Cardiovascular instrumentation 


A description of the basic model has been published 
previously." Briefly, mongrel dogs of either sex, heartworm 
free, weighing 25-34 kg, were instrumented with catheters 
in the iliac artery, left atrium and pulmonary artery. A 
precalibrated ultrasonic flow probe was positioned around 
the pulmonary artery and a miniature pressure transducer 
was inserted into the left ventricle. Pulsed Doppler flow 
probes were positioned around the vertebral, carotid, 
coronary, mesenteric, hepatic and renal arteries and the 
portal vein. All transducer leads and catheters were 
tunnelled subcutaneously to the dorsum of the neck and 
secured after the thoracotomy was closed. Analgesia and 
antibiotic prophylaxis were initiated before surgery and 
maintained thereafter. 


Measurements 


A detailed description of the measurement techniques has 
also been published previously.'*-!° Phasic and mean 
arterial pressure (MAP), pulmonary arterial pressure 
(PAP), first derivative of left ventricular pressure (dP/dt), 
heart rate (HR), cardiac output (CO), and carotid, vertebral, 
coronary, mesenteric, hepatic, portal and renal blood flow 
(BF) were recorded continuously on a 16-channel Gould 
brush polygraph. Systemic vascular resistance (SVR) and 
pulmonary vascular resistance (VR) were calculated as the 
ratio of MAP or PAP to CO; regional VR was calculated as 
the ratio of MAP to regional BF. 


Experimental design 


Dogs were carefully nursed through the first 24 h after 
surgery, and on subsequent days were trained to lie quietly 
on the laboratory floor. The dogs were studied no less than 
10 days after surgery, when haematocrit was >30% and 
body temperature, appetite and general appearance were 
normal. Body weight, body temperature, arterial blood 
gases and haematocrit were measured before each experi- 
ment. All experiments were conducted in fasted conscious 
dogs lying on their right sides. 

Since propofol is mostly lipid soluble, we studied the 
cardiac and regional haemodynamic properties of propofol 
and its solvent, intralipid, infused under the same experi- 
mental conditions. Furthermore, to determine the role 
played by intralipid in the propofol-mediated stimulation 
of NO, we also studied the effects of N-methyl-L-arginine 
(L-NMA), a non-specific inhibitor of NO synthase (NOS), 
on the cardiac and regional changes produced by propofol 
and intralipid. Accordingly, animals were randomly 
distributed into three groups. Animals in Group 1 (n=11, 


Table 1 Haemodynamic effects of propofol (=8) and its solvent mtalipid 
(7=6) recorded at baseline and 60 min (before L-NMA infusion) on 
haemodynamic parameters dP/dt, the first derivative of left ventricular 
pressure Data are mean (SEM). BF=blood flow, VR=vascular resistance 
*P<0 05 vs baseline 





Measurement _ Group Baseline 60 min 
Mean arterial pressure (mm Hg) Intralipid 100 (5) 105 (7) 
Propofol 95 (6) 88 (8) 
Heart rate (beats mn”) Intrahpid 86 (4) 90 (5) 
Propofol 89 (4) 121 (7)* 
Cardiac output (litres min!) Intralipid 23 (050 21 (04) 
Propofol 175 (02) 1.8 (02) 
dP/dt (mm Hg 5°) Intralipid 3163 (196) 3334 (232) 
Propofol 3174 (268) 2622 (272)* 
Systemic VR (dyne s* cm) Intralipid 56 (7) 57 (1) 
Propofol 64 (7) 51 (4)* 
Caroud BF (mi mn’) Intralipid 115 (10) 104 (10) 
Propofol 137 (22) 167 (26)* 
Carotid VR (dyne s~! cm) Intrahpid 0.96 (0 16) 1.12 (0 15)* 
Propofol 073 (010) 061 (0.08) 
Coronary BF (ml min`!) Intralipd 52 (8) 54 (11) 
Propofol 48 (6) 66 (10)* 
Coronary VR (dyne s! cm”) Intralipid 23 (04) 26 (06 
Propofol 2.2 (0 3) 16 (02) 
Portal BF (ml min’) Intraspid 379 2 (42) 405 (52) 
Propofol 387 (55) 360 (65) 
Portal VR (dyne s! cm™) Intralipid 0.28 (0.03) 0 27 (0 03) 
Propofol 0.28 (004) 0.27 (0.03) 
Hepatic BF (ml min™) Intralipid 69 (24) 127 (25) 
Propofol 96 (16) 108 (19) 
Hepatic VR (dyne s! cm% Intralıpıd 1.25 (02) 1 08 (0.22) 
Propofol 1.5 (04) 1.0 (03) 
Renal BF (ml min`’) Intralipid 89 (11) 102 (11)* 
Propofol 123 (34) 121 (29) 
Renal VR (dyne s! cm™>) Intralıpid 1.4 (024) 12 (017) 
Propofol 1.4 (0 48) 09 (02) 
Vertebral BF (ml mm) Intralipid 19 (2.5) 19 (1.8) 
Propofol 19 (4) 247 (76) 
Vertebral VR (dyne s’ cm) —_Intralipnd 5907) 6.0 (0.7) 
Propofol 7 (2) 56(14) 
Mesenteric BF (ml min`’) Intralipid 99 (7) 93 (7) 
Propofol 117 (30) 103 (26) 
Mesenteric VR (dyne s’ cm) Intrahpid 096 (0.03) 118 (0 11)* 
Propofol 10 (02) 10 (0.2) 
Pulmonary artery pressure Intralipid 9 (3) 10 (3) 
(mm Hg) Propofol 15 (2) 18 (3) 


control group) received L-NMA 20 mg kg™ i.v. through a 
filter (Nalgene™) over 1 min. This dose was chosen because 
it produced maximum haemodynamic changes in conscious 
dogs.'© Animals in Group 2 (n=8) received propofol 
(10 mg ml“) 4 mg kg” i.v. bolus followed by 0.6 mg kg™! 
min for 180 min. Animals in Group 3 (n=6) received 
intralipid 0.25 ml kg” bolus followed by 0.06 ml kg? min`! 
for 180 min. After 60 min, animals in Groups 2 and 3 
received L-NMA 20 mg kg™ i.v. over 1 min. A mixture of 
nitrogen and oxygen was used to maintain arterial oxygen 
tension at approximately the same level as in control 
dogs. Blood gases were monitored every 30 mun. 
Haemodynamic parameters were recorded before and 
during propofol and intralipid infusions and for 2 h after 
L-NMA administration. 
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Fig 1 Effects of mtric oxide synthase inhibition using N-methyl-L-arginine (L-NMA) im awake dogs (n=11) and dunng propofol infusion (n= 8) and 
dunng intralipid (7=6) infusion on mean artenal blood pressure (MAP), cardiac output (CO), heart rate (HR), pulmonary arterial blood pressure 
(PAP), systemic vascular resistance (SVR) and dP/dt Data are mean (SEM) *P<0 05 vs steady state; **P<0 05 intralipid vs awake; tP<0 05 propofol 


vs awake, ¢P<0.05 intralipid vs propofol 


Data analysis 

A paired t-test was performed to analyse the differences 
between baseline (before drug administration) and steady 
state (60 min after propofol and/or intralipid). Data obtained 
in control conditions and under propofol and intralipid were 
analysed using an analysis of variance (ANOVA) for 
repeated measures in each group. When differences were 
significant, multiple within-group comparisons to the 
steady-state value obtained before L-NMA injections were 
performed using Fisher’s t-test. In addition, when differ- 
ences between control and propofol and/or intralipid at 
60 min were significant, the magnitude of changes produced 
by L-NMA of each experimental condition was compared 
using an unpaired t-test. P<0.05 was considered significant. 
Data are presented as mean (SEM). 


Results 


Cardiac and regional haemodynamic values before propofol 
and intralipid administration are presented in Table 1. 
Baseline values were consistent with those previously 
reported for trained and unstressed animals and were not 
significantly different between groups.'? Changes in cardiac 
and regional haemodynamic parameters after propofol and 
intralipid administrations in the presence and absence of 
L-NMaA are presented in Figures 1-4. 


Haemodynamic effects of propofol in an intralipid 
solution, and its solvent, intralipid 

As shown in Table 1, continuous infusion of propofol at 
4 mg kg’, followed by 0.6 mg kg? min™ over 60 min, 
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induced increases in HR and coronary BF and carotid BF 
and significant decreases in SVR and dP/dt. In contrast, 
intralipid increased renal BF and carotid and mesenteric 
VR. 


Effects of NOS inhibition using L-NMA on propofol- 
and intralipid-induced haemodynamic changes 


Effects of L-NMA in control anımals 

Systemic and regional haemodynamic parameters are 
presented in Figures 1—4. In Group 1, L-NMA induced 
brief transient increases in HR and dP/dt. It also produced an 
immediate and sustained increase in MAP and a decrease in 
CO, which resulted in an immediate and sustained systemic 
vasoconstriction. L-NMA also induced brief transient 
increases in carotid, coronary and vertebral BF. The 
transient increase in carotid BF was followed by a 
secondary decrease which lasted 60 min. Hepatic BF 
decreased at 5 min. Carotid and renal VR increased at 1 


and 5 min, respectively, and remained elevated for 60 min, 
whereas Hep VR increased at 1 and 5 min only. Coronary 
VR decreased transiently at 1 min. 


Effects of propofol in an intralipid solution on NOS 
inhibition-induced haemodynamic changes 

In the presence of propofol and when compared with control 
experimental conditions, L-NMA produced a decrease in 
HR at 5-45 min and a more pronounced systemic 
vasoconstriction that lasted 10 min. The L-NMA-induced 
increases in carotid and vertebral BF and secondary 
decreases ın carotid and vertebral were abolished. Finally, 
in these experimental conditions, L-NMA produced a brief 
secondary coronary vasoconstriction but no renal vasocon- 
striction. 


Effects of intraliptd on haemodynamic changes induced by 
NOS inhibition 

In the presence of intralipid and when compared with 
contro] experimental conditions, L-NMA produced more 
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pronounced increases in MAP and SVR, and carotid 
vasoconstriction. No decreases ın CO or increases in dP/dt 
were recorded. L-NMA also decreased HR at 15 and 45 min. 
L-NMA produced sustained decreases in renal BF at 10, 15 
and 45 min and in mesenteric BF at 5-60 min, and more 
pronounced vasoconstriction in the carotid vasculature at 
5—45 min, renal vasculature at 1-45 min and mesenteric 
vasculature at 1-60 min. 

Comparison of the effects of L-NMA in the presence of 
propofol and intralipid indicated that in the presence of 
propofol, L-NMA produced a more pronounced decrease in 
HR at 15 and 45 min and a less pronounced carotid 
vasoconstriction. 


Discussion 
Plasma concentrations of propofol were not measured in our 
study. However, Goodchild and colleagues!” have pre- 


foe] 


viously shown that infusions of 0.33 and 0.66 mg kg™ min 


led to plasma concentrations of 2-13 ug ml in dogs, which 
is within the anaesthetic range in humans. Thus, the 
propofol infusion rate used in our study most likely 
correlated with clinically relevant propofol concentrations. 

Moreno and colleagues'® reported that in vitro propofol 
did not affect mesenteric vascular tone at concentrations 
<10°M. Brooke and colleagues!’ reported that propofol 
does not affect renal BF in vivo. Although in our model 
propofol induced increases in carotid and coronary BF, it 
did not affect hepatic, portal, mesenteric, renal or vertebral 
BF. Therefore, our in vivo data confirm that propofol did not 
affect the mesenteric and renal circulations, and that the 
effects of propofol remain selective to regional circulation. 
Since intralipid did not affect either carotid or coronary BF, 
our data also suggest that the increases in coronary and 
carotid BF were specific to propofol and were not related to 
the presence of intralipid. 

Our data also confirm that propofol induces a systemic 
vasodilatation associated with tachycardia and a decrease in 
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myocardial contractility. These effects on cardiac function 
were associated with an increase in carotid and coronary 
BF. Using a similar experimental design, Wouters and 
colleagues,” Pagel and colleagues,! and Moore and 
colleagues?" also reported an increase in coronary BF 
after propofol injected as a bolus. Yamanoue and col- 
leagues”? and Gacar and colleagues? demonstrated that, 
in vitro, propofol relaxes the coronary artery only at high 
concentrations. The short-lasting coronary vasodilatation 
was most likely indirect and related to the associated 
tachycardia via an increase in myocardial oxygen demand. 

In assessing the role of the NO pathway in propofol- 
mediated haemodynamic changes, we hypothesized that: 
(i) the lack of difference in the effect induced by L-NMA ın 
the presence of either propofol or intralipid compared with 
control indicated no interaction between the NO pathway 
and either intralipid or propofol; (ii) similar changes 
induced by L-NMA in the presence of both intralipid and 
propofol reflected an intralipid interaction; (iii) changes 
induced by L-NMA in the presence of either intralipid or 
propofol represented a propofol effect if recorded only in 
the presence of propofol, or represented opposite effects of 
intralipid and propofol if recorded only in the presence of 
intralipid. 

Terragno and colleagues” developed the concept that 
factors regulating regional BF vary according to experi- 
mental conditions. Our data indicate that in the presence of 
intralipid, the NO pathway plays a more important role in 


the local modulation of carotid, renal and mesenteric tone. 
Thus, in the presence of intralipid, the blockade of NOS 
resulted in more pronounced carotid, renal and mesenteric 
vasoconstriction as compared with control experimental 
conditions. Since propofol did not produce similar effects. 
it seems that the effects of propofol alone on the mesenteric 
and renal circulation are opposite to the effects produced 
by intralipid (i.e. propofol inhibited rather that stimulated 
the NO pathway). Indeed, in the presence of propofol 
the intralipid-mediated increased activity of NOS was 
abolished 

Furthermore, our data also confirm that the role of the NO 
pathway in the modulation of local circulation varies 
according to the territory. NO plays a minor role in the 
coronary circulation, whereas the role played by NOS ın the 
carotid and renal circulations is more significant. However, 
our data support the concept that propofol inhibits rather 
than stimulates the NO pathway in these vascular beds. 
Thus, L-NMA produced similar carotid and renal vasocon- 
striction in control experimental conditions and in the 
presence of propofol whereas the renal and carotid 
vasoconstriction was accentuated in the presence of 
intralipid. 

The effects of propofol and its solvent intralipid on the 
effects of L-NMA-associated changes in cardiac function 
are more complex. It is well established that under 
physiological conditions, the recorded increase in afterload 
produces a reflex-mediated decrease in HR and CO. L-NMA 
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failed to increase HR initially in the presence of both 
propofol and intralipid. However, we recorded a secondary 
decrease in HR in the presence of both propofol and 
intralipid. Although CO remained unchanged in the pres- 
ence of intralipid, changes in CO were similar in control 
experimental conditions and during propofol infusions. In 
these experimental conditions, CO did not decrease, 
suggesting that the presence of intralipid prevented the 
systemic vasoconstriction-mediated decrease in HR. The 
presence of intralipid also prevented the L-NMA-mediated 
decrease in CO, indicating an intralipid-related increase in 
venous return. 

In summary, our data demonstrate that propofol produces 
selective regional haemodynamic changes. The stimulation 
of the NO pathway did not contribute to the regional 
changes mediated by propofol itself. This study also 
demonstrated that intralipid and not propofol stimulates 
the NO pathway. 
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complications 


The central assessors in anaesthesia reviewed the cases of 
all the women in this report identified as having received an 
anaesthetic for this triennium, some 142 cases. In looking at 
the individual cases the assessors were struck by the high 
standards of anaesthetic care generally provided, sometimes 
in difficult circumstances. In most cases the standard of 
record keeping was also high. However, there are areas of 
concern about the consistency of anaesthetic services 
between units. Reviewing the records showed that in some 
places the quality and quantity of anaesthesia service does 
not meet the declared standards of the relevant professional 
bodies. 

In deciding the likely cause of death, the evidence had to 
be weighed up without the benefit of questioning all those 
involved in a patient’s care. Much reliance is placed on the 
local assessors and their ability to make discreet enquiries. 
Sometimes, even after coroner’s inquests, the cause of death 
was unclear. It was therefore a matter of judgement 
assigning a death as being a direct result of anaesthesia, or 
whether substandard care contributed to the demise. Key 
points of the cases illustrated here result from the central 
assessors’ judgement, bearing in mind that the purpose of 
the exercise 1s to learn from errors and improve patient care 
in the future. 

The challenges presented to the obstetric anaesthetist are 
increasing in number, complexity and severity. Many sick 


mothers have received anaesthetics safely and anaesthetists 
are accepting an increasing responsibility for aspects of 
mother’s care that fall naturally within their competence and 
control. Anaesthetists are trained to recognize and treat 
major haemorrhage that they encounter in many areas of 
their professional practice. Obstetric haemorrhage is some- 
times more difficult to manage appropriately. Nevertheless 
it is disappointing to record substandard aspects of anaes- 
thetic care in seven deaths due to haemorrhage. 

Conduct of anaesthesia includes preoperative prepar- 
ation, delivery of anaesthesia, and postoperative recovery. 
In this triennium, there was one anaesthetic death ascribed 
as being directly due to the conduct of anaesthesia for 
Caesarean section, in particular to the administration of 
oxytocin in a compromised patient. Two other deaths are 
ascnbed to anaesthetics given after prolonged and complex 
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Fig 1 Arterial pressure in a patient during Caesarean section under spinal anaesthesia; note the decrease in artenal pressure after 5 1u of Syntocnon on 


two occasions (Courtesy of Dr T. H Clutton-Brock and G M Cooper ) 


care in intensive care units (ICU). In both of these cases the 
patient’s condition was improving but further surgical 
treatment was needed. Death resulted from complications of 
anaesthesia for that surgery. 


Deaths due to anaesthesia 


There were three deaths ın this triennium that were directly 
due to actions or omissions of anaesthesia services or staff. 


Case 1 


A woman requested epidural analgesia during her labour. 
An epidural catheter was sited but a test dose of 0.25% 
bupivacaine 4 ml resulted in a high sensory and motor block 
within 2-3 min. Clear fluid aspirated from the catheter 
tested positive for sugar. A diagnosis of subarachnoid 
catheter placement was made. 

It was decided to use the subarachnoid catheter for labour 
analgesia. All subsequent injections of bupivacaine were 
given by an anaesthetist and the quality of resulting 
analgesia was described as good. Seven hours later labour 
had failed to progress, in spite of oxytocin augmentation, 
and it was decided to deliver the fetus by Caesarean section. 
Anaesthesia was not adequate for Caesarean section so a 


top-up injection of 0.5% plain bupivacaine 2 mi was given 
from a 20-ml syringe. The spinal block spread higher than 
expected. The woman experienced difficulty breathing and 
then lost consciousness. She developed a bradycardia of 30 
beats min” and the systolic arterial pressure decreased to 60 
mm Hg. The patient was intubated promptly and given 
fluids, ephedrine, atropine and epinephrine. Cardiac output 
was restored but the arterial pressure had increased only to 
80 mm Hg systolic when the baby was born, apnoeic and 
pulseless. The paediatrician had not arrived and the 
anaesthetist was asked to intubate and resuscitate the 
baby. By the time the anaesthetist had completed the 
resuscitation, the obstetrician had discovered an adherent 
placenta and the mother was losing blood. The obstetrician 
requested oxytocin (Syntocinon) to improve uterine tone. 
The anaesthetist was reluctant because the systolic arterial 
pressure was only 60 mm Hg. After rapid infusion of 1.v. 
colloid solution and further epinephrine, oxytocin 10 iu was 
given. Cardiac arrest occurred almost at once. Resuscitation 
followed accepted practice but was unsuccessful. 

High spinal block, bradycardia and hypotension are 
recognized complications of spinal anaesthesia. The cardio- 
vascular complications involve complex reflexes,® that are 
still not widely understood. They are sometimes difficult to 
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treat especially when drugs with cardiovascular side-effects 
further complicate the clinical picture. 

Whether the use of hyperbaric bupivacaine would have 
limited the cephalic spread and avoided the high block is 
questionable. The literature would suggest not. However, 
using a 20-ml syringe to measure 2 ml does not ensure great 
accuracy. Syringes of 2-, 3- or 5-ml capacity are available 
and employed because additional fractions of a millilitre of 
bupivacaine can affect the extent of a subarachnoid 
anaesthetic. 

In this case, the patient was initially resuscitated effect- 
ively but the hypotension was not completely reversed when 
the anaesthetist was asked to resuscitate the baby. At the 
time, the maternal arterial pressure was 80 mm Hg systolic. 
The baby was resuscitated quickly and effectively. 
However, the anaesthetist’s full attention was distracted 
from the mother. In that time, the maternal systolic arterial 
pressure had decreased to 60 mm Hg. Uterine hypotonia 
occurred and the obstetrician asked for oxytocin 10 iu to be 
given. This is a common obstetric request during Caesarean 
section. 

It is not widely appreciated that the dose recommended in 
the British National Formulary‘ (and other formularies’ !*) 
is 5, not 10, units. The British National Formulary states: 
‘Dose: Caesarean section, by slow intravenous injection 
immediately after delivery, 5 units’. Oxytocin has a direct 
relaxant effect on vascular smooth muscle. Under normal 
circumstances, there is a reflex tachycardia and increased 
cardiac output that accompanies the transient decrease in 
arterial pressure as shown in Figure 1. However, the 
hypovolaemic patient (or one with compromised cardiac 
function) may not respond in the normal way. In such 
circumstances the drug may have lethal effects, and among 
the contraindications to its use is severe cardiovascular 
disease.* 

The administration of oxytocin in the presence of a high 
spinal block, hypotension and recent bradycardia, accom- 
panied by bleeding at Caesarean section produced a 
situation from which the patient could not be rescued. 
Oxytocin has peripheral and central cardiovascular receptor 
sites and complex cardiovascular actions.” |! 

Every medical practitioner administering any drug is 
responsible for ensuring that the drug, its dose and method 
or route of administration are correct and appropriate. A 
request from another practitioner does not absolve him or 
her from this responsibility. : 

The assessors appreciate the difficulties in this case. 
Anaesthetists should remember that their primary respon- 
sibility is to the mother,’ and that they must summon help at 
the first signs of unexpected reactions to treatment. 


Case 2 

The second patient received five anaesthetics, the first for a 
Caesarean section during which she suffered a major 
obstetric haemorrhage. She then required several further 


operations to control the bleeding. During the fourth, 
abdominal packs were placed to control continuing venous 
bleeding and the patient returned to the ICU intubated and 
ventilated. She was successfully weaned from the ventilator 
and extubated 24 h later. Two days later, removal of the 
abdominal packs was planned. The patient was taken to 


‘theatre from ICU with invasive cardiovascular monitoring 


in place. There is no record of any gastric secretion 
prophylaxis prior to this anaesthetic. 

After preoxygenation, anaesthesia was induced using 
propofol 120 mg and fentanyl 100 ug. Muscle relaxation 
was achieved with cisatracurium 14 mg. There was no 
mention of cricoid pressure. These two facts suggest that a 
rapid sequence induction technique was not used on this 
occasion. Pulmonary aspiration of fluid occurred. The 
aspirate was tested and gave an acid reaction. Surgery was 
completed successfully. The patient was extubated and 
returned to ICU. Her condition slowly deteriorated and she 
was re-intubated and required artificial ventilation 24 h 
later. Aspiration pneumonitis was subsequently diagnosed 
on x-ray appearances. She continued to deteriorate and died 
some 12 days later. 

This patient was rescued from life-threatening problems, 
receiving anaesthesia without mishap on the first four 
occasions. There were many factors that could have 
contributed to the eventual organ failure, but it is difficult 
to ignore the fact that her condition had been improving, 
until the pulmonary aspiration. Given the patient’s previous 
problems and the fact that she came to theatre from ICU for 
removal of abdominal packs, acid prophylaxis and a rapid 
sequence induction were indicated. There is no record that 
these precautions were taken. These omissions constitute 
substandard anaesthetic care. 


Case 3 


A multiparous woman received a general anaesthetic for a 
Caesarean delivery. She had suffered postpartum haemor- 
thages after earlier deliveries. Her blood was known to be 
difficult to crossmatch because of antibodies, and she had 
failed to keep a blood transfusion service antenatal 
appointment to plan future haematological care. She was 
therefore a high-risk case. In spite of these known problems, 
blood was not crossmatched when labour began. 

As blood was not available when bleeding occurred at 
Caesarean section, large volumes of colloid and crystalloid 
were needed to maintain cardiovascular stability. 
Carboprost was used to control bleeding after which 
bronchospasm and crepitations were detected. Over-trans- 
fusion was diagnosed. Direct transfer from theatre to ICU 
was arranged. Treatment in ICU was successful in 
stabilizing the patient for the first 2-3 days. However, 
after 4—5 days, she became anuric and she was transferred to 
another ICU for haemodialysis and further respiratory 
support including tracheostomy. Respiratory performance 
improved. The first tracheostomy tube either blocked or 
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became displaced. Attempts to change it were not successful 
and a tracheal tube was introduced via the tracheostomy 
Site. 

The ICU did not have a small enough fibreoptic 
bronchoscope to perform an examination via the tracheal 
tube that had been passed so elective revision of the 
tracheostomy was attempted. During this procedure, diffi- 
culties with the airway and ventilation were experienced. Jet 
ventilation was used in an attempt to overcome the problem. 
Surgical emphysema was detected. Eventually the airway 
was lost and death resulted. 

At some stage, the tracheal tube became extratracheal 
and jet ventilation probably caused the surgical emphy- 
sema. At post-mortem, a number of tears were identified 
in the trachea and bronchi and surgical emphysema of 
the mediastinum and subcutaneous tissues was con- 
firmed. 

Although death resulted from the difficult airway prob- 
lem, substandard care was present in several aspects. First, 
the failure to crossmatch blood for this high-risk mother 
when she was admitted in labour led to intraoperative 
difficulties which, in turn, contributed to the need for ICU 
admission. Second, there seems to have been little under- 
standing that the side-effects of carboprost include broncho- 
spasm and pulmonary oedema. Third, there was a failure to 
site a central venous pressure (CVP) line in theatre when it 
might have helped to differentiate between the possible 
causes of pulmonary oedema and to guide fluid therapy. 
Whether it would have changed the outcome is conjectural. 
Fourth, in the second ICU there was no access to the 
fibreoptic endoscope of the size needed for endoscopy via a 
6.0-mm tracheal tube. This examination might have given a 
better understanding of the airway dimensions and condi- 
tion before the tracheostomy revision was attempted. This 
knowledge may have allowed better preoperative prepar- 
ation and may have prevented the death. 


Deaths to which anaesthesia contributed 


In addition to the three deaths detailed above, there 
were a number of deaths that contain messages for 
anaesthesia services. In some, anaesthesia care was 
regarded as substandard. These deaths have been 
subdivided as follows although, inevitably, there is 
overlap between the categories. 

(i) Lack of multidisciplinary co-operation (seven deaths, 
one also counted in haemorrhage). 

(ii) Major obstetric haemorrhage (six deaths, one also 
counted in poor co-operation). 

(iii) Poor postoperative care (three deaths). 

(iv) Lack of appreciation of severity of illness (two cases 
are described here as illustrations, but failure to recognize 
the severity of illness was present to some degree in most of 
the cases counted in categories 1,2, 3 and 5). 

(v) Sepsis (two deaths). 


(i) Lack of multidisciplinary co-operation 
Obstetricians failed to give adequate warning of impending 
problems to anaesthetic departments 1n at least six of the 
maternal deaths in this tnennium. The lack of consultation 
with anaesthetic colleagues contributed significantly to a 
number of these deaths. The lessons from the following 
examples need to be widely disseminated. All team 
members need to be aware of the vital contributions that 
can be made by anaesthesia when adequate warning is given 
and the harm that can result when it is not. Obstetric 
anaesthetisis must also remember that they have colleagues 
with different, but invaluable skills, provided the anaes- 
thetist calls on their help in good time 


Case 4 


A morbidly obese woman became increasingly short of 
breath towards the end of her pregnancy. An initial 
diagnosis of pulmonary embolism was made but subse- 
quently excluded. She developed a tachycardia of 120 beats 
min’, oedema and proteinuria over a period of several days 
during which she was an in-patient. An elective Caesarean 
section was planned but there was no anaesthetic consult- 
ation until the day before the planned operation. At that 
time, the anaesthetist obviously thought that cardiac prob- 
lems might exist because echocardiography was considered 
but it was rejected because obesity was thought to make the 
investigation unreliable. On the day of operation invasive 
monitoring was thought necessary but it was abandoned 
after initial failures to site the lines. General anaesthesia was 
chosen because the obesity and shortness of breath made 
lying down difficult. However, an epidural catheter was 
placed successfully and tested. General anaesthesia was, 
induced using a rapid sequence technique. The patient 
arrested almost immediately after injection of thiopental and 
could not be resuscitated. At post-mortem, a cardiomyo- 
pathy was diagnosed. 

Care was substandard because there was no consultation 
with the anaesthesia service during the 6 days she was ın 
hospital. Anaesthetic care was also substandard because 
further investigations should have been done preoperatively 
to properly evaluate her breathlessness. While it is true that 
obesity makes echocardiography more difficult and less 
informative, it might have been a helpful investigation and 
was worth attempting. Furthermore, perseverance with 
siting direct monitoring for this elective case could have 
involved attempts by other staff with more expertise. Direct 
arterial pressure monitoring might have improved the 
detection of problems and assessment of resuscitation 
efforts. 

Having sited an epidural in such a difficult case, it is hard 
to understand why a regional technique was not at least 
attempted. Whether the use of the epidural would have 
changed the outcome is not possible to say, but at least the 
potentially safer technique would have been attempted. 
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The next four cases are described as examples of lack of 
consultation with, and involvement of, anaesthesia services. 
Criticism is, of the failure to communicate not of the 
anaesthetists involved. 


Case 5 


A woman with a multiple pregnancy developed proteinuria 
and subsequently hypertension. She was admitted as an 
emergency 4 weeks later, at 35 weeks of gestation with 
severe epigastric pain and pre-eclampsia requiring treat- 
ment with magnesium sulphate. She became unconscious 
because of a cerebral bleed but delivery and help from the 
anaesthetist were delayed for a further 8 h. 

It is obvious that a multidisciplinary approach should 
have been adopted as soon as she came into hospital. 


Case 6 


A multiparous woman had previous children who had died 
of pulmonary hypertension and she herself had the same 
diagnosis made during this pregnancy. A termination of 
pregnancy was offered but she declined. She was admitted 
to hospital late in the second trimester with severe right 
heart failure and transferred to the coronary care unit, but 
when she started having spontaneous contractions she was 
sent to the labour ward. She had a spontaneous delivery but 
she arrested immediately after being given oxytocin 
(Syntocinon) 10 iu. Cardiopulmonary resuscitation was 
successful in restoring spontaneous rhythm and breathing 
resumed, but she died a day later in the coronary care unit. 
Substandard care was evident despite likely inevitable 
death. No consultations had taken place with the anaesthetic 
team. Monitoring of her cardiovascular status during labour 
should have included at least direct artenal pressure and 
CVP. Pulmonary artery pressure measurements could also 
have informed the team caring for her. Anaesthetic services 
could have set up this monitoring. As in Case 1, the dose and 
method of administration of oxytocin were inappropriate. 


Case 7 


A woman had an uneventful multiple pregnancy until she 
was admitted to hospital near term with vomiting and rigors. 
On admission she was obviously very sick with a pyrexia of 
40.5°C, hypotension (systolic pressure of 70 mm Hg), 
tachycardia (132 beats min`’), dehydration and ketosis. The 
babies died. Spurious high recordings were obtained on a 
non-invasive arterial pressure machine although her real 
arterial pressure was barely recordable. It was not until more 
than 3 h later that an anaesthetist was called because a 
midwife had difficulty taking blood. As the consultant 
anaesthetist arrived, the patient collapsed, was cyanosed and 
her arterial pressure was untecordable. Disseminated 
intravascular coagulation (DIC) was developing. A central 
venous line-was inserted and further help obtained from 


intensivists. Despite Caesarean section, supportive treat- 
ment, and intensive care, the patient died of multiple organ 
failure 3 days later. 

It was only because the midwife could not obtain a blood 
sample that an anaesthetist was called. By then the patient 
was in extremis. This lack of appreciation of the need and 
value of multidisciplinary care is lamentable (indeed also the 
implication that the anaesthetic team are mere technicians). 
Thereafter it was all too late. The practice of depending only 
on automatic arterial pressure measurement rather than 
assessing the patient as a whole is to be deprecated. 


Case 8 


A woman who spoke little English had her labour induced 
and had a traumatic ventouse delivery with bleeding. 
Laparotomy was performed to tie off her internal ilac 
vessels, but hysterectomy proved necessary. A massive 
blood transfusion was required. She had a prolonged period 
of care in ICU but eventually recovered. Some time later it 
was realized she had a vesicovaginal fistula that was 
repaired as an elective procedure some months after 
delivery. Her preoperative condition seems to have been 
satisfactory but there was no record of electrolyte or liver 
function tests being performed. Anaesthesia proceeded 
uneventfully with stable heart rate and arterial pressure. 
The operation took just under 90 min. The anaesthetist 
prescribed a postoperative fluid regimen of dextrose/saline 
1000 ml 8 hourly. Subsequently, the gynaecologist 
requested a postoperative urine output of at least 15 ml 
quarter hourly. In order to achieve this, the senior house 
officer in gynaecology increased the prescribed 1.v. fluids 
such that 5 litres dextrose saline were received overnight. 
The following morning, the patient suffered a seizure and 
cerebellar coning. She was found to be hyponatraemic (Na* 
122 mmol litre’). She was intubated and ventilated but died 
a few days later without regaining consciousness. 

This late death ıs all the more poignant because the 
patient had survived a catastrophic postpartum haemor- 
rhage. After the subsequent fistula repair the management of 
i.v. fluid therapy was clearly ill understood. Discussion with 
the anaesthetist might have prevented the unwise prescrip- 
tion change. What may not be widely appreciated ıs the 
increased susceptibility of premenopausal women to the 
effects of acute hyponatraemia? Respiratory arrest and 
seizures occur at a higher plasma sodium ın women (95% 
confidence limits, 95-130 mmol litre”) than in men (95% 
confidence limits, 92-115 mmol litre™’) and at a signifi- 
cantly higher plasma sodium in menstruant women than in 
postmenopausal women.” 


Case 9 


A woman had a medical history that included bicornuate 
uterus, uterine surgery to correct it, previous Caesarean 
section, and a recognized placenta praevia in the current 
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pregnancy. She spent the last weeks of her pregnancy as an 
in-patient. She had a preoperative haemoglobin of 9.1g dr! 
and was clearly a very high-risk patient. The obstetric 
service had more than a month to make the necessary 
consultations and arrangements to ensure consultant 
anaesthetist involvement for the planned elective 
Caesarean section. However, contact with the anaesthesia 
service was delayed until the day before the planned 
operation because the surgeon did not anticipate problems. 
Two inexperienced trainees provided anaesthesia because 
there was no consultant available on the day of operation. A 
general anaesthetic was given using a standard technique. 
The case was apparently started with only one peripheral i.v. 
cannula sited. The case was uneventful until a major 
haemorrhage occurred. The woman suffered a blood loss, 
according to the anaesthetists, of 6.5 litres. In spite of the 
major blood loss and limited venous access, initial resus- 
citation was ultimately successful. However, the patient 
suffered 45 min of hypotension and the lack of CVP 
monitoring must have made it difficult to judge the 
adequacy of fluid replacement. The patient was transferred 
from theatre to the high dependency unit where she suffered 
further blood loss necessitating laparotomy. She died 
shortly after induction of anaesthesia for this surgery. 

This case 1s included here because it illustrates so clearly 
how inadequate communication with anaesthesia services 
can lead to trainees treating cases and circumstances far 
beyond their experience and abilities. In this case, absence 
of a second i.v. cannula hampered fluid replacement and 
exposed the woman to a long period of hypotension. In 
addition, lack of a CVP line impaired recognition of blood 
loss. There was clearly an opportunity to site both before the 
woman left theatre. However, inexperience probably led to a 
false sense of security and the opportunity was not taken. 
Failing to do so hampered diagnosis and treatment of the 
continuing bleeding postoperatively. 

The second anaesthetic was given in difficult circum- 
stances. The woman had bled a large volume and the 
cardiovascular decompensation that followed induction was 
probably due to inadequate blood volume replacement. It 
might have been prevented if earlier haemorrhage and 
subsequent resuscitation had been better monitored. Poor 
anaesthesia care therefore contributed to this death. 

Having made these comments, the main failure in the 
case was in communication and cooperation between 
specialties. Inadequate warning was given to the anaesthetic 
service. The Caesarean section was an elective procedure 
with very high-risk factors. Once the difficulty of providing 
a consultant anaesthetist was recognized it could have been 
delayed until senior anaesthetist input and full monitoring 
were available. 


(ii) Major obstetric haemorrhage 


Major haemorrhage is still one of the commonest causes of 
maternal death. It may complicate either Caesarean delivery 


or other obstetric surgery such as termination of pregnancy 
or removal of retained products of conception. Anaesthetists 
are trained to recognize the effects of major haemorrhage 
and to treat it appropriately. In a number of cases in this 
triennium they failed to exercise that skill. A small number 
of these women died in theatre, either during their initial 
operation or during surgical attempts to stop haemorrhage. 
Many of the women, however, were resuscitated in theatre 
and transferred to the ICU for further treatment. These 
transfers were often made directly from theatre, although in 
a small number of cases women were returned to postnatal 
or recovery rooms or wards because the severity of their 
clinical condition had not been recognized. 

Assessments of cardiovascular stability were often 
based only on non-invasive arterial pressure and pulse 
rate measurements. Estimation of blood loss at 
Caesarean section or during evacuation of retained 
products of conception is known to be extremely 
difficult and is often inaccurate. The severity of 
haemorrhage can be better judged by looking for the 
physiological responses to it rather than by trying to 
guess the amount of blood loss visually. CVP measure- 
ment, when made in conjunction with systemic arterial 
pressure, pulse rate, urine output and visual assessment 
of the patient’s pallor will give a better, more accurate 
assessment of the true cardiovascular state. Anaesthetists 
are skilled in the insertion and interpretation of CVP 
monitoring. When the internal jugular or subclavian 
routes are felt to be inappropriate, access may be gained 
from the antecubital veins. Failing to use this monitor- 
ing in the treatment of major obstetric haemorrhage is 
substandard care. In many cases, anaesthetists were 
called on to manage i.v. fluid replacement or resuscitate 
the mother. Responsibility for substandard care in such 
circumstances must rest with the anaesthetic services. 

In looking at some of the deaths attributed to 
haemorrhage, multifactorial causation is clear. 
Pathological process, poor obstetric management/care, 
poor inter-specialty communication and inadequate 
anaesthetic response all appear in various combinations. 
The following two cases serve to illustrate most of these 
deficiencies. 


Case 10 


A woman suffered an early fetal loss and was anaesthetized 
for evacuation of retained products by a junior trainee 
anaesthetist. After the surgery, she continued to lose blood 
per vaginam. On return to theatre she was again anaes- 
thetized by a junior anaesthetist. Consultant input into her 
care did not begin for another hour. She eventually 
underwent hysterectomy. During the operation, she suffered 
further major haemorrhage but blood replacement was 
limited to 5 units of blood. Maintenance of her arterial 
pressure required methoxamine and norepinephrine 
throughout the operation. Transfer to ICU was intended 
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but while being moved to her bed she arrested. Although she 
was resuscitated from this arrest she died shortly after in 
ICU. 

Anaesthetic services must carry some responsibility for 
this death. Management of a patient suffering continuing 
vaginal bleeding after evacuation of retained products of 
conception should not be left to a junior trainee. It took 1 h 
for senior anaesthetic assistance to be summoned. This is 
substandard care. 

Management of the patient subsequently seems to have 
followed widely accepted practice but inspection of the 
record would indicate that she received only 5 units of blood 
during a 2-h procedure during which she experienced major 
haemorrhage. Methoxamine and norepinephrine were used 
freely during the same period. It would seem that the 
anaesthetists achieved acceptable arterial pressure record- 
ings by producing profound vasoconstriction. This may be 
an appropriate temporary measure in the face of major 
haemorrhage but is not, ultimately, the solution of the 
problem. There is a note indicating that the patient was 
peripherally shut down before the second anaesthetic began. 
The inference from the information available is that 
inadequate quantities of blood were given. There is no 
record of haematological investigations of haemoglobin or 
packed cell volume that might cast further light on these 
circumstances. However, the fact that the patient suffered a 
cardiac arrest during transfer from the operating table to her 
bed seems to indicate that the appropriate cardiovascular 
stability had not been achieved whilst in theatre. 


Case 11 


A woman who did not speak English had an urgent 
Caesarean section and returned to theatre 2 h later because 
of bleeding. She was tachycardic (140 beats min“) and the 
coagulation screen was abnormal. After the second general 
anaesthetic she was extubated, but her oxygen saturation 
varied between 85 and 93%. Two hours later pulmonary 
oedema was diagnosed and she was reintubated. She had 
two more laparotomies for bleeding and died several days 
later. 

Amniotic fluid embolism seemed the most likely diag- 
nosis but it was not confirmed histologically. Although it 
would probably have made no difference to the eventual 
outcome, it represents substandard care not to have sought 
help and instituted CVP and arterial monitoring when this 
woman first returned to theatre with evidence of a 
coagulopathy. 


(iii) Poor postoperative care 

There were three deaths in this triennium in which poor 
postoperative care was a contributing factor, two of which 
are described here. 


Case 12 


A woman had a Caesarean section in which anaesthesia was 
provided with a combined spinal—-epidural technique. 
Within a few hours she developed a severe headache and 
hypertension. The anaesthetist treated this as a postdural 
puncture headache and gave a blood patch through the 
epidural catheter. She later developed slurred speech, 
constant vomiting and a hemiparesis followed by convul- 
sions for which she received magnesium sulphate. She was 
transferred for computerized tomography that showed a 
subarachnoid haemorrhage. Despite intensive care, she died 
some days later. 

This case is one of several deaths from subarachnoid 
haemorrhage. Whilst the ultimate outcome is unlikely to 
have been different, the diagnosis of postdural puncture 
headache so soon after a spinal with an atraumatic needle is 
unlikely. 


Case 13 


The anaesthetist was not informed about a woman with 
severe hypertension (250/140 mm Hg) and proteinuna until 
Caesarean section was required at might. The patient was 
receiving hydralazine, labetalol and nifedipine. Her arterial 
pressure decreased to normal values after induction of 
general anaesthesia. Magnesium sulphate was given during 
the procedure. The operation lasted 1 h 45 min. Blood loss 
was estimated at 1500 ml to 2 litres, yet no blood was given. 
Fluid replacement comprised only 2000 mil crystalloid, and 
500 ml colloids were given during surgery At the end of 
surgery her tachycardia persisted. Shortly after leaving the 
patient in recovery, the anaesthetist was called back because 
the arterial pressure was 48/23 mm Hg. Transfusion with O 
negative blood was started. The nursing staff asked the 
anaesthetist to stay in recovery because they were concerned 
about the patient’s condition. Nevertheless the anaesthetist 
seems to have left recovery. Two hours after reaching 
recovery the woman suffered a cardiac arrest and attempts at 
resuscitation were futile. 

There were a number of aspects of substandard care, 
including the lack of senior involvement and poor fluid 
management. The anaesthetist’s responsibility to the patient 
does not end with transfer to the recovery room. There 
remains a duty to ensure the patient’s full recovery from 
their anaesthetic and operation. The duty can be discharged 
directly or by transfer to a site where that recovery can be 
monitored and completed. Abandoning the patient in 
recovery, having been alerted to her parlous state, represents 
gross substandard care. 


(iv) Lack of appreciation of severity of illness 


The following cases illustrate a common theme showing 
how failure to realize the severity of illness meant that 
senior help was sought too late. 
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Case 14 


A woman with learning difficulties had a septic fetal loss 
and required an anaesthetic for removal of a retained 
placenta. There was a 2-day history of diarrhoea and the 
patient was tachycardic (125 beats min™') and hypotensive 
(systolic arterial pressure 60 mm Hg). The clinical assistant 
discussed the case with a trainee in anaesthesia but both 
failed to realize the severity of illness or call for help. After 
3 litres of fluid, the patient was still tachycardic and the 
systolic arterial pressure was 100 mm Hg. Antibiotics were 
given at manual removal, but not earlier. The patient went to 
recover ın a side room because of the pregnancy loss. Half 
an hour later, she lost consciousness, had difficulty breath- 
ing, and her oxygen saturation was low. At that point a 
consultant anaesthetist became involved and organized 
appropriate intensive care. After a laparotomy to exclude 
uterine perforation she developed multi-organ failure and 
died a few days later. 

~ Had the severity of illness been recognized, experienced 
help would have been sought earlier. The seriousness of the 
mother’s condition warranted better monitoring in a more 
appropriate environment, regardless of the sensitivities of 
fetal loss. 


Case 15 


Trainee staff cared for a patient undergoing Caesarean 
section because of pre-eclampsia. A consultant anaesthetist 
had been contacted during the Caesarean section and gave 
advice via the telephone but failed to attend to assess the 
patient or supervise the care. The patient exhibited further 
hypertensive changes during arousal and at this time, the 
anaesthetist noted that she was not tolerating the tracheal 
tube. After extubation she was transferred to the post- 
operative high dependency unit because there were no ICU 
beds available. Further telephone calls to the consultant 
anaesthetist on call only resulted in further telephone 
advice. Neurological changes were noted a few hours 
postoperatively. Intubation and transfer to the ICU occurred 
and there is no record to show whether control of arterial 
pressure during intubation was undertaken at that time 
either. She died without regaining consciousness. 

There seems to have been no recognition of the risks of 
hypertensive surges during intubation or extubation. 
Anaesthetic care was therefore substandard. These omis- 
sions may have been due to inexperience of the trainee 
anaesthetist. The decision to wake and extubate this patient 
was probably unwise. The lack of direct consultant input 
into her care was substandard care. The lack of an ICU bed 
is further substandard care. 

Whether these deficiencies caused or exacerbated the 
cerebral bleed is a matter of speculation. However, it is 
possible that had appropriate standards of care been 
exhibited, the outcome may have been better. 


(v) Sepsis 

The incidence of maternal infection during labour is in the 
region of 3%.° When septicaemia supervenes, anaesthetists 
should be involved in resuscitation. Additionally, sepsis can 
be associated with anaesthesia. The importance of constant 
vigilance and the use of strict asepsis during regional 
anaesthetic techniques cannot be overstated. These two 
cases illustrate possible associations between anaesthesia 
and sepsis. 


Case 16 


A primiparous woman had an uneventful spinal anaesthetic 
for Caesarean section because of pre-eclampsia. She 
developed a pyrexia on the first postpartum day and was 
given antibiotics. She was otherwise well until some hours 
later when she developed severe headache, vomiting and 
hypertension, and became unrousable. She was transferred 
to intensive care and given magnesium sulphate. 
Computerized tomography showed cerebral oedema. 
Further supportive therapy was given but her condition 
deteriorated and she died a few days after delivery. At post- 
mortem, acute purulent meningitis with sagittal sinus 
thrombosis was found. 

This woman was appropriately treated for complications 
of pre-eclampsia and there was no finding of substandard 
care. The diagnosis of meningitis was a surprise: bacterial 
cultures in life and post-mortem failed to grow any 
organism. She had received antibiotics because of a mild 
pyrexia on the first postpartum day. 

Although there is good epidemiological evidence that the 
frequency of meningitis after lumbar puncture is no greater 
than in the ordinary population, the possibility that causative 
infective or chemical agents can be introduced at spinal 
anaesthesia has to be recognized. The onset of symptoms is 
similar to two previous reports after spinal anaesthesia in 
obstetrics where the patients survived.!°!? Similarly, 
apparently aseptic techniques had been used. Whether 
meningitis was caused by the spinal or was an unfortunate 
coincidence is impossible to say. The case highlights the 
need for strict asepsis during regional anaesthesia and the 
need to consider, as the clinicians did, other rare causes of 
headache which might at first be thought to be due to dural 
puncture or pre-eclampsia. 


Case 17 


Another woman developed a pyrexia of 40°C and a 
tachycardia of 140 beats min™ after an intrauterine death. 
She requested and was given an epidural for analgesia for 
labour. She received excessive i.v. fluids to treat hypoten- 
sion and developed pulmonary oedema. Disseminated 
intravascular coagulation developed, probably due to the 
intrauterine death. She became septicaemic and developed 
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Table 1 Key recommendations of the Editorial Board of the Confidential Enquiries into Maternal Deaths in the United Kingdom 


Key recommendations 





Dedicated obstetric anaesthesia services should be available in all consultant obstetric units These services should be capable of taking responsibility for 
regional analgesia, anaesthesia, recovery from anaesthesia and the management and monitoring of 1v fluid replacement therapy 
Adequate advance notice of elective high-msk cases must be given to the obstetric anaesthetic service The notice must be sufficient to allow the consultation, 


investigation and assembly of resources needed for these cases, to take place. 


When presented with problem cases requiring special skills or investigations, obstetric anaesthetists should not hesitate to call on the assistance of anaestheuc 


colleagues in other subspecialties as well as colleagues in other disciplines. 


Invasive central venous and arterial pressure measurement can provide vital information about the cardiovascular system which can be life saving. Invasive 
monitonng via appropriate routes should be used particularly when the cardiovascular system is compromised by haemorrhage or disease 

Care of women at high risk of maternal haemorrhage must involve consultant obstetric anaesthetists at the earliest possible time. 

Anaesthetists have a responsibility, as do all medical practitioners, to ensure that drugs are given in the correct dose, at the correct rate, by the correct route 


and by the most accurate means 


It seems not to be widely appreciated that Syntocinon can cause profound, fatal, hypotension, especially in the presence of cardiovascular compromise 
Admunistration should follow the guidance m the Brush National Formulary, Martindale and other standard formulanies When given as an1v bolus the drug 


should be given slowly in a dose of not more than 5 10. 





multi-organ failure and had to be transferred to an ICU at 
another hospital where she subsequently died. 

The main criticisms of this case are of the treatment of 
infection and the subsequent pathology. Nevertheless it is 
worth thinking whether the possible complications or side- 
effects of epidural block in a pyrexial patient were fully 
considered. Sympathetic blockade from epidural or spinal 
anaesthesia in these circumstances makes fluid and 
hypotension management more difficult because of im- 
paired compensatory vasoconstriction, and capillary per- 
meability may also be compromised. Treatment in such 
circumstances is difficult and requires great forethought and 
care. 


Deaths or serious events occurring during 
anaesthesia 


Some of the cases already described illustrate that death or 
serious events can occur during anaesthesia. The following 
cases are also included, not necessarily because there was 
substandard care but to reinforce the vigilance and standards 
required. 


Case 18 


A woman was known to suffer from pulmonary hyperten- 
sion having had an atrial septal defect repaired many years 
previously. Echocardiography at 32 weeks of gestation 
estimated mean pulmonary artery pressures of 55 mm Hg, 
but it is not known if her pulmonary hypertension worsened 
after this. She went into labour some weeks later. Epidural 
analgesia was used and direct arterial and central venous 
monitoring were instituted. Labour failed to progress and 
she required a Caesarean section. She had a brief run of 
supraventricular tachycardia after delivery of the placenta, 
which spontaneously reverted to sinus rhythm but seconds 
later she suffered an asystolic arrest from which she could 
not be resuscitated. She had only received 1 iu of oxytocin. 


The poor outcome from pulmonary hypertension in 
pregnancy is well recognized. The care of this woman was 
good and illustrated interdisciplinary communication and 
early institution of invasive monitoring. Whether the 
appropriate risks were communicated to the woman is 
important. 


Case 19 


A woman had a termination of pregnancy under general 
anaesthesia in an isolated clinic. At the end of the procedure, 
her oxygen saturation decreased from 98% to 83% and she 
became bradycardic and hypotensive. She was resuscitated 
with epinephrine and was intubated and ventilated. Before 
transfer to hospital, heavy vaginal blood loss was noticed. 
Fulminant DIC became apparent. She developed multiple 
organ failure and subsequently died. 

The clinical signs were similar to those of amniotic fluid 
embolism. Resuscitation of this woman was prompt and 
emphasizes the need for experienced personnel and appro- 
priate drugs and equipment (as recommended by the 
Department of Health®) for the rare occasions when such 
complications occur in isolated sites. 


Case 20 


A woman had an amniocentesis for a 1 in 10 risk of Down’s 
syndrome and had a spontaneous abortion the following 
day. She had a general anaesthetic, delivered from a 
facemask, and uterine evacuation to remove remaining 
products of conception. There was a sudden cardiac arrest at 
the end of uterine evacuation. Sinus tachycardia progressed 
to ventricular tachycardia to asystole. Cardiopulmonary 
resuscitation and epinephrine were successful in restoring 
cardiac output. She was transferred to ICU but died several 
days later. 

It is not clear why this lady arrested. Before the 
evacuation she was pyrexial, but not tachycardic or 
hypotensive. During anaesthesia her heart rate and arterial 
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pressure remained normal and the cardiac arrest was 
sudden. This might suggest amniotic fluid embolism. If 
the cause of the arrest was sepsis one might postulate a 
myocarditis causing arrhythmia. Thereafter the picture of 
DIC and multi-organ failure could fit either amniotic fluid 
embolus or sepsis. It is unfortunate that there is apparently 
no histology of the lungs, uterus or heart, although it is by no 
means certain whether this would have been diagnostic with 
death occurring so long after the event. This case again 
illustrates the need for vigilance even for cases expected to 
be ‘routine’ or ‘minor’. i 

The key recommendations of the Editorial Board of the 
Confidential Enquiries into Maternal Deaths in the United 
Kingdom are shown in Table 1. 
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Background. Esmolol, a short-acting B,-antagonist, can reduce anaesthetic requirements and 
decrease seizure activity during electroconvulsive therapy even after a single dose of 80 mg 
We studied the effect of esmolol on the bispectral index scale (BIS), which is a processed EEG 
recently introduced to monitor depth of anaesthesia. 


Methods. We gave esmolol 80 mg to 30 healthy male patients after induction of anaesthesla 
using propofol, with either fentanyl (group |) or placebo (group 2). Patients were ventilated 
mechanically through a laryngeal mask airway and anaesthesia was maintained using propofol to 
keep the BIS value between 55 and 60. 


Results, Esmolol did not affect the BIS index value in either group. In group I, the areas (mean 
(SD)) under the BIS vs time curve 3 min before and 3 min after esmolol administration were 
145 (9) and 146 (8) respectively (P=0.116). In group 2 values were 147 (8) and 146 (7) 
respectively (P=0.344). In contrast, in group | the area under the systolic arterial pressure 
(SAP) curve was 299 (31) before and 270 (29) after esmolol (P<0.001), and 156 (17) and 141 
(17) respectively for heart rate (P<0.001). in group 2 values were 326 (36) and 302 (41) for 
SAP (P<0.001) and 182 (25) and 155 (22) for heart rate (P<0.001). 


Conclusions. The results suggest that a single dose of esmolol affects the SAP and heart rate 


but does not affect BIS values. 
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The potentially harmful effects of autonomic nervous 
system activity during anaesthesia and surgery have led to 
the use of beta-blockers in the perioperative period.’ * 
Esmolol, a short-acting B,-antagonist, is used to treat and 
prevent cardiovascular responses at this time. In addition to 
its effect on the sympathetic nervous system, esmolol, if 
given at the same time as opiates, reduces the anaesthetic 
requirement to suppress the response to skin incision.’ * 
Esmolol did not affect the propofol requirement for loss of 
responsiveness,” but esmolol, even in a single i.v. dose of 
80 mg, reduced both clinical and EEG-detected seizure 
duration during electroconvulsive therapy,° and a single 
dose of epinephrine increased EEG activity.” As esmolol is 


a peripherally acting drug that does not penetrate the 
blood-brain barrier, the mechanism of its effects on the 
depth of anaesthesia and on EEG activity is not clear. 

Because esmolol appears to affect EEG activity, we 
studied its effects by using the bispectral index scale (BIS; 
Aspect Medical Systems, Natick, MA, USA), which 1s a 
processed EEG recently introduced to monitor the depth of 
anaesthesia.’ 


Methods and results 


After ethics committee approval and informed consent, we 
enrolled 30 male patients, aged 18-50 yr and scheduled for 
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elective knee arthroscopy. Exclusion criteria were ischae- 
mic heart disease, hypertension, use of B-adrenergic or 
calcium-channel blocking drugs, second- or third-degree 
atrioventricular block, sinus bradycardia, chronic obstruct- 
ive pulmonary disease and cardiac, renal or hepatic failure. 

Patients were monitored during the study using ECG, a 
pulse oximeter and a capnograph. Systolic arterial pressure 
(SAP) was measured at 1-min intervals and heart rate (HR) 
was monitored continuously. The BIS (version 3.12, Aspect 
Medical Systems, Natick, MA, USA) was measured 
continuously. 

On arrival in the operating room, patients were randomly 
assigned to one of two groups by an independent observer. 
Group 1 received fentanyl 2 ug i.v. and group 2 patients 
received placebo, in a double-blind fashion. In both groups a 
dose of propofol 2.5 mg kg™ was followed by a continuous 
infusion of 5 mg kg’ h". Additional propofol was given in 
doses of 0.5 mg kg™ to keep the BIS between 55 and 60. 
After insertion of a laryngeal mask airway, patients were 
ventilated using pressure-controlled mode with an initial 
pressure of 16 cm H3O, a respiratory rate of 10, an 
inspiratory to expiratory ratio of 1:2 and 50% oxygen with 
50% nitrous oxide. The ventilator was adjusted to keep end- 
tidal carbon dioxide at 28-32 mm Hg. 

When SAP, HR and BIS values had been stable for 5 min, 
esmolol 80 mg was given in both groups and recordings 
were made for 3 min. During this period surgery was not 
allowed to progress. 

The patients’ age was 29 (18-49) yr in group 1 and 30 
(19-50) yr in group 2 and weight was 80 (12) kg in group 1 
and 81 (9) kg ın group 2. 

In group 1, esmolol reduced SAP from 119 (13) mm Hg 
to a minimum value of 105 (10) mm Hg after 2 min. In 
group 2 the values were 130 (16) and 120 (17) mm Hg 
respectively. HR decreased from 62 (7) to 55 (7) beats min`’ 
in group 1 and from 72 (10) to 61 (9) beats min“ in group 2. 
BIS values before esmolol administration were 58 (5) in 
group | and 59 (3) in group 2. Values had not changed 3 min 
after esmolol administration. 

Using SigmaStat software (Jadel Corporation, Access 
Softeck Inc., Chicago, IL, USA), the values of each variable 
(SAP, HR and BIS) 3 min before and 3 min after esmolol 
were plotted against time. The areas under the curves (AUC) 
before and after esmolol were then compared using a paired 
t-test. 

Esmolol reduced SAP in both groups (Table 1). In group 
1 the AUC for SAP vs time was 299 (31) before and 270 (29) 
after esmolol (P<0.001). In group 2, values were 326 (36) 
and 302 (41) respectively (P<0.001). Esmolol changed the 
HR. In group 1 the AUC of the HR over time was 156 (17) 
before esmolol, and 141 (17) after esmolol (P<0.001). In 
group 2, values were 182 (25) and 155 (22) respectively 
(P<0.001). In contrast, esmolol did not affect the BIS index. 
The AUC for BIS over time were 145 (9) before esmolol 
and 146 (8) after esmolol in group 1 (P=0.116), and 147 (8) 
and 146 (7) respectively in group 2 (P=0.344). 


Table 1 Areas under the curve before and after esmolol administration (all 
values are given as mean (SD)) SAP=systolic arterial pressure (mm Hg), 
HRe=heart rate (beats min`’); BliS=bispectral index scale; AUC=area under 
curve (the integral of the vanable over a period of 3 min) 














AUC before AUC after P 
esmolol esmolol 
Group | (fentanyl, propofol) 
SAP 299 (31) 270 (29) <0.001 
HR 156 (17) 141 (17) <0.001 
BIS 145 (9) 146 (8) 0116 
Group 2 (placebo, propofol) 
SAP 326 (36) 302 (41) <0 001 
HR 182 (25) 155 (22) <0 001 
BIS 147 (8) 146 (7) 0344 
Comments 


We found that a single dose of esmolol 80 mg did not affect 
the BIS despite the effects on HR and SAP. Previous studies 
found that interventions in the B-adrenergic system affect 
the EEG and the depth of anaesthesia. Even a single dose of 
esmolol 80 mg reduces seizure duration in patients under- 
going electroconvulsive therapy under etomidate anaesthe- 
sia.” The opposite effect—increased sedation score and BIS 
value—was caused by a small iv. dose (15 pg) of 
epinephrine.’ The changes in EEG as well as in haemody- 
namic measurements in both studies were almost ummediate 
and influenced the design of the present study. The BIS and 
the haemodynamic values were measured for only 3 min 
after esmolol administration. The lack of esmolol effect on 
the BIS value in the present study is not'surprising as recent 
data show BIS suppression with an esmolol infusion, with a 
delay of 12~16 min between esmolol administration and the 
onset of half-maximal effect.? 

How esmolol affects the depth of anaesthesia and EEG 
activity 1s unclear as the drug does not cross the blood-brain 
barrier. In some studies, opiates were necessary in order to 
achieve its effects,’ suggesting that esmolol may affect 
opiate kinetics by altering cardiac function and hepatic 
blood flow rather than by an independent pharmacodynamic 
effect. In a similar way, esmolol (0.5 mg kg™') increased the 
onset time of rocuronium-induced muscle relaxation. The 
onset time was shorter after ephedrine, and the effect was 
attributed to the effect on cardiac output.!° In the present 
study the lack of effect of esmolol on the BIS might be 
attributed to the dose of fentanyl (only 2 ug kg~’) or to the 
timing of opiate administration (a few minutes before 
esmolol). A direct effect of esmolol, an effect of a 
metabolite or a secondary process are possible explanations 
for the change in BIS found in other studies.’ 

In conclusion, our study does not show that a single dose 
of esmolol affects the BIS index, even though cardiovas- 
cular effects were seen. 
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Flow triggering in ventilators is an alternative to pressure triggering. Differences between these 
two trigger mechanisms may not be clinically significant in most patients. We report two 
patients with high spinal cord lesions in whom the use of flow triggering was unsuccessful. 
Severe muscle weakness in these patients made them sensitive to small changes in ventilator 


trigger characteristics. 
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During mechanical ventilation, change from expiration to 
inspiration can be time cycled, or triggered by pressure or 
flow changes.' Whereas time cycling is mdependent of 
patient activity, pressure and flow triggering require the 
patient to start the breath’. For a pressure-triggered breath, 
the ventilator detects the patient’s effort as a decrease in 
pressure. The decrease in pressure required to trigger the 
ventilator 1s set by the clinician.” For a flow-triggered 
breath, the ventilator senses patient effort from changes ii 
inspiratory flow caused by the patient.” Flow-triggering and 
flow-by technology was introduced in the Puritan Bennett 
7200 ventilators (Puritan Bennett Corporation, USA) to 
reduce the delay between the patient’s inspiratory effort and 
the supply of gas to the patient during assisted ventilation.” 
The ventilator delivers a predetermined flow of gas (base 
flow) into the patient circuit before inspiration. The 
ventilator detects flow to the patient as the difference 
between the delivered flow and the flow leaving at the 
expiratory valve. The operator determines the inspiratory 
flow necessary to trigger a breath (flow sensitivity). When 
the difference between the delivered and the expiratory flow 
increases to this amount, then the ventilator triggers to 
inspiration. The default flow sensitivity setting in these 
ventilators is 3 litre min”. In flow-by mode pressure 
triggering 1s thus replaced by flow triggering. We report two 
cases where using flow-by caused failure to trigger, which 
was reversed when the flow-by was stopped. There have 
been no similar reports in the literature. 


Case reports 


Case 1 


A 66-yr-old man was being mechanically ventilated for 
respiratory failure after traumatic quadriplegia caused by 
fracture of the odontoid peg. The neck was stabilized by 
cervical traction by a Halo apparatus. The patient was 
conscious and no sedative agents were being given. There 
was loss of sensation to touch, pain, and temperature below 
C3 dermatome. Motor power was absent in all the lmmbs. 
Cranial nerves were intact. 

The ventilator (Puritan Bennett 7200) settings were as 
follows: continuous positive airway pressure mode with 
pressure support 16 cm H30, pressure sensitivity 0.5 cm 
H20, positive end expiratory pressure 7.6 cm H,O, and 
fraction of inspired oxygen concentration 0.35. On these 
settings, the tidal volume was about 0.32 litre, ventilatory 
frequency 25 min™ and minute ventilation around 8.0 litre 
min. The patient was unable to trigger the ventilator if the 
pressure sensitivity was set to 1 cm H-0. To assess the 
ability of the patient to trigger the ventilator with flow 
triggering, flow-by was started with the default base flow of 
5 litre min and flow sensitivity of 3 litre min™!. The 
patient’s respiratory rate decreased to 14 min” while the 
tidal volume, oxygen saturation, and cardiovascular meas- 
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urements remained the same. The patient did not appear to 
be uncomfortable and there were no accessory muscle 
movements to suggest that the patient was unsuccessfully 
attempting to trigger the ventilator. An error in the flow-by 
settings was suspected, and the ventilator was set to the 
original settings. The respiratory rate returned to 25 min“. 
The decrease in respiratory rate was considered to be caused 
by an inadequate base flow. Therefore, the base flow was 
increased to 10 litre min’ and flow-by was re-started, but 
the same phenomenon occurred again, and persisted when 
the base flow was increased to 20 litre min™'. The flow 
sensitivity was not altered during these changes in base flow 
settings. The ventilator was then returned to the original 
settings. - 


Case 2 


A 34-yr-old man mechanically ventilated for respiratory 
failure caused by pneumonia. In the past, he had undergone 
total pancreatectomy for chronic pancreatitis. He was an 
insulin-dependant diabetic and had a history of recurrent 
multiple abscesses in various parts of his body. Ten days 
later, when he was being weaned from the ventilator, it was 
noticed that the patient was unable to move his limbs. He 
was conscious and not sedated. A computerized tomo- 
graphic scan of the neck showed an epidural abscess at the 
C2-4 level. Clinically, there was no sensation to touch, pain, 
or temperature below C4 dermatome. There was no 
movement in his limbs. Cranial nerves were not involved. 
Before admission to the intensive care unit, there had been 
no clinical evidence of this epidural abscess. 

The ventilator settings were continuous positive airway 
pressure mode with pressure support of 18 cm H3O, pressure 
sensitivity of 0.5 cm H20, positive end expiratory pressure 
of 5 cm H,0 and fraction of inspired oxygen concentration 
of 0.35. With these settings, the tidal volume was around 
0.48 litre, ventilatory frequency 18 min, and minute 
ventilation was 9.4 litre min”), When flow-by was started 
with a default base flow of 5 litre min“ and flow sensitivity 
of 3 litre min`’, the tidal volume remained the same but the 
ventilatory frequency decreased to 8 min‘. On decreasing 
the flow sensitivity to 1 litre min™', the ventilatory 
frequency increased to 15 min“! and the tidal volumes 
were 0.49 litre. When the base flow was increased to 10 litre 
min” and flow sensitivity was increased to 5 litre min”, the 
patient could not trigger the ventilator but weak respiratory 
efforts were seen. The ventilator was re-set to pressure 
sensitivity settings and flow-by was abandoned. 


Discussion . 


Inspiratory efforts can be insufficient to trigger the venti- 
lator in some patients.* Factors which can affect this can be 
either ventilator related (high resistance, leaks, high base 
flow) or patient related (weakness, flail chest, intrinsic 
positive end expiratory pressure). The current ventilators 


are sensitive enough to allow a patient to trigger with 
minimum of effort. Studies comparing the efficacy of flow 
triggering vs pressure triggering have shown equivocal 
results. While some have shown flow triggering to be 
superior, others have found either minimal difference or 
pressure triggering to be better.!?67 The differences 
between pressure and flow triggering were not related to 
the trigger used but to the ventilatory support programming 
with each trigger.” More recent ventilators have corrected 
this difference so that the mspiratory work of breathing 1s 
similar with the two modes of triggering.” °° 

It is likely that the high spinal lesion in these patients 
caused some diaphragmatic weakness. Indeed, the second 
patient had decreased diaphragmatic movements on ultra- 
sonography. Therefore, these patients were extremely 
sensitive to small changes in trigger settings. Using flow 
sensitivity of 3 litre min"! made it more difficult for the 
patient to trigger the ventilator. Tngger pressure (the 
maximum pressure decrease at the beginning of an 
inspiratory effort) and pressure time product on flow 
sensitivity settings of 2 and 3 litre min” lies between 
pressure sensitivity settings of 0.5 and 1 cm H,0.” The 
second patient could trigger the ventilator on a flow 
sensitivity setting of 1 litre min’. It is likely that the first 
patient could have responded in the same way. Although in 
many patients the minor differences between pressure and 
flow triggering and the various settings of flow triggering 
may not be clinically significant,° this may not be so in 
patients with quadriplegia who rely on their feeble muscle 
strength to trigger the ventilator. 

One of the risks of very high sensitivity settings is 
triggering by movements caused by cardiac activity.” 
Although this did not happen here, it should be kept in 
mind especially if patients have a hyperdynamic circulation. 
A further hazard with flow-by settings needs to be 
considered. In Puritan Bennett 7200 ventilators, flow-by is 
automatically inactivated during nebulization and needs to 
be manually switched on again if the mode is to continue. 
For this reason, flow-by was abandoned in the second 
patient even though he could trigger the ventilator with a 
flow sensitivity of 1 litre min`. 

To summarize, we describe two patients with quadriple- 
gia from high spinal cord lesions where the flow-by mode 
led to hypoventilation. In patients with extensive muscle 
weakness, the ability to trigger the ventilator can be affected 
by small changes in trigger sensitivity. The default flow 
sensitivity settings in flow-by mode may not be sufficient for 
such patients to successfully trigger the ventilator. 
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A case of posterior spinal ligament rupture associated with a general anaesthetic for a laparo- 
scopic cholecystectomy is reported. The role of the general anaesthetic in this case ıs discussed 


and a review of the literature is presented. 
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Airway management may cause problems in patients with 
cervical spine pathology. According to prevailing dogma, 
direct laryngoscopy is hazardous in the presence of cervical 
instability. Direct laryngoscopy causes superior rotation of 
the occiput and C1 in the sagittal plane and mild inferior 
rotation of C3—C5,! ? while tracheal intubation causes slight 
additional superior rotation at the occiput and C1. There is 
minimal movement below C3 during direct laryngoscopy.’ ? 
However, the amount of movement in the cervical spine 
from C3 to C7 remains difficult to determine. One study* 
examined the movements of the C5—C6 joint before and 
after surgical destabilization in cadavers and showed a 
difference of less than 2 mm translation and 4° of angulation 
between the stable and unstable specimens at direct 


laryngoscopy. Another radiographic study? of unstable 
spines showed that other airway manoeuvres, such as jaw 
thrust, caused similar degrees of movement. Several authors 
have therefore advocated alternative methods of airway 
management in cases of potential cervical spine 
instability,- "5 all of which may be associated with technical 
or operator complications. 

The laryngeal mask airway MAŻ’) has been advocated 
‘to fill the gap between the tracheal tube and the face mask’. 
Brimacombe and colleagues!® reviewed the advantages and 
disadvantages of the LMA and found that the LMA is, in 
general, easier to place and better tolerated than the tracheal 





t LMA® is the property of Intavent Limited. 
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tube. However, neurovascular morbidity has been recorded 
with the LMA. Hypoglossal,!” lingual! !° and recurrent 
laryngeal?’ nerve injuries have been noted and occlusion of 
the lingual artery”! leading to tongue cyanosis has also been 
recorded, but we have been unable to find any reports of 
spinal cord problems associated with the use of the LMA. 
We describe the case of a patient who developed 
tetraplegia during surgery due to unrecognized instability 
of the cervical spine despite the fact that direct laryngoscopy 
was not used. We discuss the reasons for this occurrence. 


Case report 


A 64-yr-old man was admitted for elective laparoscopic 
cholecystectomy for gallstones, having had the operation 
postponed on two previous occasions for non-medical 
reasons. He noted a history of pain in the region of his 
right shoulder, which his general practitioner had ascribed 
to referred pain from his gall bladder exacerbated by stress. 
He admitted to occasional pain in his neck, which he said 
caused him no problems. His medical history included an 
appendicectomy complicated by peritonitis, diet-controlled 
diabetes mellitus, and osteoarthritis for which he had 
undergone knee arthroscopy. He denied any other medical 
problems. 

At induction he was given midazolam, propofol, fentanyl 
and atracurium and a size 5 LMA was inserted. The 
insertion of the LMA was described as straightforward by 
the anaesthetist and did not involve any untoward move- 
ments of the neck or jaw thrust. The ultimately successful 
surgery was complicated by the presence of adhesions and 
lasted for 75 min. The lowest non-invasive systolic blood 
pressure recorded during the anaesthetic was 100 mm Hg. 
The LMA was removed with jaw opening but without 
head movement in recovery. The patient complained of 
abdominal pain, for which he was treated with opiate and a 
non-steroidal anti-inflammatory drug. He was transferred to 
the ward after 30 min. At no time during or after the 
operation was the patient’s neck flexed or extended. 

Approximately 1 h after the patient had been returned to 
the ward it was noted that he had difficulty in moving his 
legs and there was no sensation to pain or touch in his 
abdomen. A weak cough was noted but there was good air 
entry into the lungs bilaterally. Shortly thereafter he was 
seen by a consultant neurologist, who noted no movement in 
the legs and weakness of elbow extension together with 
weakness of the left arm distally. The level of sensation to 
pinprick was C5/6 on both sides with poor joint position 
sense in his left little finger. Joint position and vibration 
sense was absent in both legs. The patient was managed 
with a cervical collar and urinary catheterization, and an 
MRI scan was performed. A consultant neuroradiologist 
reported these images as showing a rupture of the posterior 
spinal ligament with haematoma cord compression. The 
disc was not protruding. The patient was admitted to ITU 
where methylprednisolone 3 g was given over 15 min. He 


was then transferred to the regional neurological centre, 
where he underwent C5/6 discectomy with insertion of a 
wedge of bone. At operation, a completely ruptured and 
very oedematous posterior spinal ligament was found at the 
site. Since that time the patient has made little recovery and 
he remains effectively tetraplegic. He has undergone further 
uncomplicated surgery for small bowel obstruction due to 
herniation of bowel through a hole in the mesentery. 

After the laparoscopic cholecystectomy, the patient’s 
wife admitted that the patient had visited his general 
practitioner on the day before surgery as he was experien- 
cing weakness in his legs and had had some difficulty in 
walking. He was also suffering from severe neck pain, 
necessitating him sleeping upright on the night before 
surgery in a chair. However, there was no history of trauma 
to the neck. He had failed to inform the anaesthetist of these 
facts, as he was worried that his surgery would again be 
cancelled. 


Discussion 

A combination of mechanical deformation and vascular 
compromise of the cervical spine is thought to be necessary 
for the development of myelopathy. It is believed that the 
duration of these unfavourable conditions is a crucial factor. 
Animal models” ” indicate that =6 h of constriction of 
dogs’ spinal cords leads to permanent loss of function, 
whilst after constriction for <1 h there is nearly complete 
recovery. In our case, the time from induction to waking was 
of the order of 90 min in total but, from the history obtained 
after cholecystectomy, some compromise of the cervical 
spinal cord had occurred before the operation. There 1s 
evidence that cord injury can occur in cases in which the 
malposition of the spine is very slight.” In our case, neck 
manipulation as a result of direct laryngoscopy or insertion 
of the LMA cannot be blamed. The insertion of the LMA 
would have caused very little movement of the neck, as it 
did not require jaw thrust or hyperflexion or extension of the 
neck to position the LMA satisfactorily. Loss of muscle tone 
owing to administration of muscle relaxant would, however, 
have increased the likelihood of further damage to an 
already abnormal cervical spine. 

Hypotension”’ can cause cervical cord damage even in 
normal patients. In our patient, the use of the laparoscope 
and carbon dioxide for insufflation of the abdomen would 
reduce venous return and hence cardiac output, although 
there is evidence that blood pressure increases during 
laparoscopic cholecystectomy.” °? Additionally, an in- 
crease in the spinal and epidural venous pressure would 
increase the cerebrospinal fluid pressure, causing a decrease 
in the spinal arterial perfusion pressure. No periods of 
hypotension were observed throughout the course of the 
operation, but in the case of this patient the blood flow to the 
cervical spine might have been compromised as a result of 
the surgical technique. Some workers?! believe that an 
element of induced hypertension may be beneficial but this 
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view must be tempered as animal work has indicated that 
increased oedema and haemorrhage of the cord are a 
possibility.” 

Rupture of the posterior longitudinal ligament (PLL) in 
the cervical spine is also reported as a consequence of 
accidental trauma to the neck. Hyperflexion of the cervical 
spine can cause injury to the middle column of the spine 
(consisting of the posterior vertebral body, the posterior 
longitudinal ligament and the posterior annulus fibrosus) 
together with the posterior column of the spine (consisting 
of the posterior elements of the spine, the ligamentum 
flavum, the interspinous ligaments, the supraspinous liga- 
ment and the facet joint capsules). Hyperextension causes 
injury to the anterior column of the spine (consisting of the 
anterior vertebral body, the anterior longitudinal ligament 
and the anterior annulus fibrosus) and the middle column.*? 
However, another process by which rupture of the PLL may 
occur is in conjunction with hypertrophy and ossification of 
the PLL.** Interestingly, glucose intolerance is a risk factor 
for ossification of the PLL in Japanese men” and our patient 
had diet-controlled diabetes mellitus. 

This case serves to highlight the fact that any degree of 
neck manipulation in a patient with an unstable cervical 
spine may be hazardous. 
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Circumferential compression of the trachea is very unusual, 
having been reported previously in the presence of 
mediastinal tumours.’ It can cause complete lower airway 
obstruction and is usually insidious in onset. Tracheal 
compression by mediastinitis has not to our knowledge been 
described. This case report describes this condition and 
illustrates the rapid onset. 


Case report 


A 68-yr-old female presented with dysphagia and an 
enlarged submandibular lymph node. She underwent 
oesophagoscopy, pharyngoscopy and laryngoscopy. and 
excision biopsy of the lymph node. The procedure was 
uneventful, but the next day she developed surgical 
emphysema involving the upper chest and neck. A 
gastrograffin swallow showed a leak of radiographic 
contrast from the upper oesophagus but the exact location 
was unclear. A nasogastric tube was passed. She was not 
given any oral intake and the nasogastric tube was used for 
free drainage. Treatment with cefuroxime and metronida- 
zole was started. Over the next 48 h she became dyspnoeic 
and hypoxic. Her ventilatory frequency was 20-25 min”! 
and an Fig, of 0.5 was required to maintain a Sao, greater 


than 90%. Chest x-ray showed bilateral basal lung collapse 
and consolidation. 

Her respiratory function deteriorated (Pag, 9.6 kPa, Fic, 
1.0) and she was transferred to the intensive care unit for 
tracheal intubation and artificial ventilation. She developed 
systemic sepsis, which was considered to be caused by a 
hospital-acquired pneumonia. Epinephrine and dobutamine 
were started to maintain her arterial pressure and urine 
output. A pulmonary artery flotation catheter was sited, and 
the initial measurements were: cardiac output was 5.5 litre 
min”, systemic vascular resistance was 797 dyne s| cm“ 
pulmonary artery capillary wedge pressure was 20 mm Hg, 
and central venous pressure was 10 mm He. 

She received artificial ventilation with BIPAP (bileve! 
positive airway pressure) with an inspiratory pressure (f, 
of 24 cm H30 and PEEP (positive end expiratory pressure: 
of 5 cm H,O. Therapy with ciprofloxacin was commenced 
in addition to cefuroxime and metronidazole. Daily chest x- 
rays revealed persistent changes in both bases. but no 
suggestion of mediastinal collection. 

On the tenth postoperative day a sudden decrease in 
minute volume with reduced delivered tidal volume was 
noted. Initially it was thought that the tracheal tube might 
have been dislodged or displaced against the tracheal wall or 











© The Board of Management and Trustees of the British Journal of Anaesthesia 2002 


Francis 


above the vocal cords. A bougie was inserted through the 
tracheal tube and the tube advanced further down to 24 cm 
from the lips. Because ventilation improved, a check 
laryngoscopy was not performed and other diagnoses, 
such as tension pneumothorax seemed unlikely. However, 
shortly afterwards difficulties recurred with inadequate 
ventilation despite increasing the inspiratory airway pres- 
sure. 

An urgent fibreoptic bronchoscopy was done, where it 
was seen that the tracheal tube had moved back to the 
original position of 22 cm and the trachea was swollen and 
inflamed with complete circumferential occlusion at that 
level. The tracheal rings were not visible, the posterior 
tracheal wall was bulging at 24 cm, and the carina looked 
swollen with marked oedema. The tracheal tube 
advanced to just above the carina, which allowed satisfac- 
tory ventilation with the previous airway pressures. 

A chest x-ray now showed widening of the upper 
mediastinum. A contrast-enhanced CT scan (Fig. 1) showed 
a large low attenuation lesion containing pockets of gas seen 
in the prevertebral region of the neck and upper chest, 
extending on either side of the trachea from the superior 
cornua of the thyroid to the carina. The oesophagus and 
trachea were displaced anteriorly. 

The features were consistent with inflammatory changes 
in the neck and upper chest, and bilateral basal consolida- 
tion and pleural effusion. It was decided that surgical 
drainage was indicated because of sepsis and tracheal 
compression. She had a right thoracotomy with drainage of 
the mediastinal abscess and both pleural effusions. Drains 
were placed in both pleural spaces and the superior and 
inferior mediastinum (32F), 
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Her gas exchange remained poor. 

A tracheostomy was performed on day 14 to improve 
weaning and over the next 3 weeks her condition improved. 
All the drains except one of the mediastinal drains were 
removed. After 24 days of intensive care she was transferred 
to the ENT ward. Total oesophagectomy was considered. 
but with conservative treatment a controlled oesophago- 
cutaneous fistula developed. Her condition gradually 
improved. After a further 2 months she was able to eat 
and mobilize, and was discharged home. 


Discussion 

Instrumental perforation of the oesophagus was followed by 
a peritracheal abscess, causing sudden, unexpected life- 
threatening airway obstruction. Circumferential compres- 
sion of the trachea is very unusual, having been reported 
previously in the presence of mediastinal tumours,’ but not 
to our knowledge with mediastinitis. 

Oesophageal perforation can occur spontaneously with 
vomiting or retching, or after instrumentation. It is esti- 
mated that the incidence is approximately 1 in 100 rigid 
oesophagoscopies.” The commonest early symptoms are 
acute chest pain, epigastric pain, and dyspnoea. Signs 
include surgical emphysema, or signs of pneumothorax or 
mediastinal air. The diagnosis is usually confirmed with 
chest x-ray and contrast swallow. 

The management of oesophageal perforation depends on 
the level and size of the perforation.” With instrumental 
perforations this is usually conservative, with complete 
fasting, nasogastric suction, and broad-spectrum antibiotics, 
if the diagnosis is made before mediastinal contamination 


Fig 1 A contrast-enhanced CT scan demonstrated a large low attenuation lesion containing pockets of air seen in the prevertebral region of the neck 


and upper chest. The trachea is held open by the tracheal tube. 
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has occurred 74 Surgery is indicated for large free lower 
oesophageal perforations* or complications, for example 
mediastinitis.” In the case reported here, the exact level of 
perforation was not clear but was in the upper oesophagus, 
and she initially progressed satisfactorily with conservative 
treatment. Signs of systemic sepsis developed, with respira- 
tory failure and cardiovascular instability. At that stage, she 
was thought to have developed a nosocomial pneumonia, 
but we were concerned that a mediastinal infection may be 
developing. 

The sudden onset of airway obstruction was first thought 
to be related to problems with the tracheal tube position. 
After recurrence of the obstruction, it became clear that this 
was caused by extrinsic tracheal compression, which 
occurred suddenly when the extrinsic intrathoracic pressure 
reached a level that caused the trachea to collapse. Artificial 
ventilation with BIPAP, where Pinsp Was constant, meant 
that once the extrinsic pressure exceeded the Pins, the 
ventilation became ineffective. In addition, the mediastinal 
abscess had probably been developing for a few days, 
causing some inflammation and weakening of the tracheal 
wall. The chest x-ray appearances did not change during this 
period, and the tracheal tube was effectively stenting the 
upper trachea, so the possibility of sudden airway obstruc- 
tion was unsuspected. 

This case shows that life-threatening distal tracheal 
obstruction can occur suddenly, and may be undetected by 
serial chest x-rays. Furthermore, the obstruction developed 
despite an appropriately positioned tracheal tube. 
Conventional teaching is that if a tracheal tube 1s obstructed 
it should be removed, but in this case, removal of the tube is 

. likely to have made ventilation more difficult or impossible. 

During the conservative management of oesophageal 
perforation, the threshold for performing a CT scan of the 
chest should be low. In this case, earlier imaging would 


probably have shown the mediastinal collection, and 
allowed drainage before the subsequent airway obstruction 
occurred. However, the index of suspicion was not high and 
although CT scanning was considered, her poor cardio- 
respiratory state made us reluctant to move her for a chest 
CT scan. 

An alternative could have been regular inspection of the 
trachea and carina by fibreoptic bronchoscopy, although this 
carries risks in an unstable patient, and it is unclear at what 
stage early tracheal inflammation or compression would 
have been detectable. 

We suggest that in a patient with mediastinal pathology, 
the possibility of airway obstruction should always be 
considered, even in the presence of an appropriately placed 
tracheal tube. Intensive care patients are very often 
dependent on PEEP and high Fio, and investigation may 
be difficult. The axiom of changing a tracheal tube first in 
the setting of acute airway obstruction 1s not always safe. In 
this case, fibreoptic bronchoscopy was very useful to 
determine the cause, and plan subsequent management. 
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Vasovagal episodes occur frequently in young healthy patients undergoing venous cannulation 
and loco-regional anaesthesia. We report two cases of severe coronary vasospasm and non-Q- 
wave Infarction in healthy young women after administration of ephedrine for vasovagal 
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symptoms at the onset of spinal anaesthesia. In the light of unopposed vagal predominance pre- 
disposing patients to coronary vasospasm, even in young healthy patients, atrophine and not 
ephedrine should be the first line treatment for bradycardia with or without hypotension 


under spinal anaesthesia. 
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Vasovagal reactions may occur in 10% of patients, and have 
an even higher incidence in patients under 40 yr of age and 
in those with a prior history.' Vasovagal syncope induced 
by anaesthetic interventions may occur in 1 ın 5000 cases.” 
Vagal predominance is considered to be an important risk 
factor for the development of severe bradycardia or asystole 
during spinal anaesthesia,’ and it may also induce multi- 
vessel coronary vasospasm that resolves after administra- 
tion of atropine. To prevent asystole, Pollard? suggests a 
stepwise treatment for bradycardia under spinal anaesthesia 
using atropine, ephedrine -and then epinephrine, whereas 
Kinsella and Tuckey” consider ephedrine as the most logical 
treatment. Ephedrine or related alkaloids have induced 
coronary artery spasms with or without myocardial infarc- 
tions in several cases,°'? some of them fatal. Three other 
cases were related to administration of ephedrine in the 
context of regional anaesthesia,'*!> all of them in male 
subjects of more than 40 yr, one of whom had a history of 
cocaine abuse. 

We describe two cases of coronary artery spasm induced 
by ephedrine given for treatment of a vasovagal reaction at 
the placement of a spinal anaesthetic in young women who 
had minimal cardiovascular risk factors and angiographi- 
cally normal coronary arteries. 


Case 1 


A 26-yr-old athletic female (height, 169 cm; weight, 72 kg) 
was scheduled for pelvic osteotomy under combined 
spinal—epidural anaesthesia. She admitted to smoking 
(four cigarettes month!) but otherwise she had no risk 
factors for cardiovascular disease. After oral premedication 
with 7.5 mg of midazolam and an i.v. injection of 50 ug of 
fentanyl to this slightly nervous patient, the epidural space 
was located with an 18-gauge Tuohy needle in the third 
lumbar interspace with the patient in the sitting position. 
Thereafter, 20 mg of plain bupivacaine was injected 
intrathecally after dural puncture with a 27-gauge 
Pencan™ needle (Braun, Melsungen, Germany) through 
the epidural needle. During subsequent placement of the 
epidural catheter for postoperative analgesia, the patient 
complained suddenly of nausea and dizziness, while the 
patient’s arterial pressure decreased from 145/85 to 125/50 
mm Hg and her heart rate from 80 to 55 beats min’. 


Presuming a rapidly increasing level of spinal block and 
aiming at completing the fixation of the inserted epidural 
catheter in the sitting patient, 10 mg of ephedrine followed 
by 0.5 mg of atropine and another 10 mg of ephedrine were 
given intravenously within a few minutes. Then the patient 
was placed supine. Shortly afterwards, ECG monitoring 
showed a non-sustained wide complex regular rhythm at a 
rate of 150 beats min’ consistent ‘with ventricular 
tachycardia, followed by’ sinus tachycardia at 195 beats 
min ', ST-segment elevation and arterial hypertension (215/ 
150 mm Hg). The patient complained of chest pain and 
dyspnoea, although her heart rate and arterial pressure 
returned to normal within S—10 min. Immediately after this 
event, the level of spinal anaesthesia was at T8. Surgery was 
cancelled, and the patient taken to the postanaesthesia care 
unit for cardiology consultation. 

The ECG 1 h after the event showed diffuse ST-segment 
depression, and transthoracic echocardiography revealed a 
moderately-to-severely impaired left ventricular systolic 
function (ejection fraction 40%), with mild mitral regurgi- 
tation, akinesia of the basal segments and apical hypercon- 
tractility. The ECG had returned to normal 8 h later, 
whereas the troponin-I concentration rose from 4.7 pg litre 
(2.5 h after the event) to a peak of 29.5 jig litre’ 8 h later 
(normal range <0.6). Total CK and CK-MB mass peaked at 
268 units litre") (normal range <167) and 18.9 pg litre”! 
(normal range <4.0), respectively, 11 h after the event, 
consistent with non-Q-wave myocardial infarction. 
Coronary angiography performed the next day revealed 
normal coronary arteries. Global left ventricular systolic 
function was normal (EF 64%), but hypokinesia of the 
anterobasal, inferobasal and lateral wall segments was 
noted, and left ventricular end diastolic pressure was 
increased (22 mm Hg). An echocardiography performed 
on the 4th day showed normalization of left ventricular 
systolic function, with a small pericardial effusion. The 
patient underwent uneventful surgery under general anaes- 
thesia 3 months later. 


Case 2 


A 34-yr-old female (height, 163 cm; weight, 66 kg) with a 
history of smoking (7 pack-years) and a family history of 
coronary artery disease, was scheduled for left hip 
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arthrotomy under combined spinal-epidural anaesthesia. 
She had experienced a vasovagal syncopal episode during 
blood donation, and had undergone prior uneventful spinal 
anaesthesia for knee arthroscopy 2 yr earlier. Thirty minutes 
after oral premedication with 7.5 mg of midazolam, the 
obviously anxious patient was monitored with ECG, non- 
invasive arterial pressure and pulse oximetry. A 14-gauge 
i.v. cannula was inserted under local anaesthesia. After 
injection of 50 ug of fentanyl intravenously, the patient was 
moved to the sitting position for epidural puncture, when 
she suddenly complained of nausea and dizziness. The 
patient was immediately placed supine and felt better. She 
was then turned to the right lateral position and again 
complained of nausea and was pale and bradycardic (38 
beats min”). Two doses of ephedrine 5 mg were admin- 
istered intravenously together with 500 ml of lactated 
Ringer’s solution both to treat the bradycardia and to 
provide prophylaxis against the expected sympathetic block 
with spinal anaesthesia. The subsequent dural puncture in 
the third lumbar interspace, intrathecal injection of 20 mg 
bupivacaine and placement of the epidural catheter were 
uneventful. The intravascular position of the catheter was 
excluded by injection of 3 ml of 2% mepivacaine with 
epinephrine 5 ug ml after a negative aspiration test. The 
patient was turned to the supine position for placement of a 
Foley catheter and an additional 500 ml of pentastarch was 
infused. Ten minutes later a sensory level of T3 was reached 
without a significant decrease of arterial pressure or heart 
rate. The patient was again turned to the right lateral 
position for surgery. Immediately afterwards she became 
pale, dizzy and nauseated, her arterial pressure decreased 
from 110/65 to 75/40 mm Hg and her heart rate from 70 to 
35 beats min™!, Aiming at correcting both heart rate and 
arterial pressure three 5 mg boluses of ephedrine were 
injected, which was followed by a non-sustained wide 
complex regular rhythm at 150 beats min™’ consistent with 
ventricular tachycardia, spontaneously converting to sinus 
tachycardia at 170 beats min™ with ST-segment elevation. 
At that time the patient was hypertensive (230/135 mm Hg), 
and showed progressive desaturation to 90% associated with 
crackles on auscultation of the depending right chest, chest 
pain, dyspnoea and headache. At this stage a total of 1000 
ml of lactated Ringer’s solution and 500 ml of pentastarch 
had been infused. Her heart rate and arterial pressure 
returned to normal within 5 min but oxygen saturation did 
not improve significantly during the subsequent 15 mun. 
Surgery was cancelled and the patient moved to the post 
anaesthesia care unit. 

The ECG 90 min after the event showed ST-segment 
depression in V3 and V4, but the chest x ray showed 
cardiomegaly and right-sided pulmonary oedema. 
Echocardiography revealed a slightly diminished left 
ventricular systolic function (EF 55%), with akinesia of 
the basal segments and apical hypercontractility, and 
moderate mitral regurgitation. Troponin-I and total CK 
concentration peaked at 25.8 pg litre’! and 185 units’, 


respectively, 10 h after the event, consistent with minimal 
non-Q-wave myocardial infarction. Coronary angiography 
performed the next day revealed normal coronary arteries. 
The left ventricular systolic function was slightly depressed 
(EF 50%) with hypokinesia of the anterobasal, inferobasal 
and lateral wall segments, and the left ventricular end 
diastolic pressure was increased (22 mm Hg). An echo- 
cardiography performed on the 4th day showed normal- 
ization of left ventricular systolic function, with only 
minimal mitral regurgitation. The patient underwent 
uneventful surgery under general anaesthesia 3 months 
later. The correct ephedrine concentration was confirmed by 
the hospital pharmacy in the remainder of the liquid from 
the ‘ephedrine syringe’ used in this patient and the 
possibility of contamination with other substances was 
excluded. 


Discussion 

We observed two cases of chest pain, dyspnoea, non- 
sustained ventricular tachycardia, ST segment depression, 
non-Q-wave infarction and extended myocardial stunning 
occurring immediately after i.v. administration of ephedrine 
to treat symptomatic hypotension and bradycardia, after 
induction of spinal anaesthesia in two young women with 
angiographically normal coronary arteries. Both patients 
presented with vagal symptoms prior to the administration 
of the neuraxial block. 

In Case 1 the sitting position was maintained for a few 
minutes in order to complete epidural catheter fixation 
despite the patient’s complaint of nausea and dizziness. The 
decrease of heart rate and arterial pressure was aggressively 
treated with ephedrine assuming a rapidly increasing level 
of spinal block. However, the level of the block recorded 
immediately after the event was only T8. She was not 
hypotensive and only slightly bradycardic at the onset of 
symptoms, although her heart rate decrease from 80 to 55 
beats min™ was abrupt. Many of the reported cases of 
asystole under spinal anaesthesia occurred within seconds of 
the abrupt onset of bradycardia, suggesting a cardiac reflex 
induced by an acute drop in right-sided cardiac filling 
pressure.'©!” Because of this and another case report,’® the 
early use of ephedrine is recommended (‘treat the down- 
ward trend’) in our department. In retrospect this patient’s 
symptoms were more likely to have been vasovagal in 
origin and the dose of ephedrine excessive The use of the 
sitting position for easier siting of combined sp:nal—epidural 
analgesia may have further increased the nsk of a vasovagal 
episode.’ 

In Case 2, a clearly anxious patient with a history of 
vasovagal syncope and some vasovagal reaction even 
before the start of the procedure, exhibited a rather high 
level of spinal block that was well tolerated until she was 
turned to a lateral position. In contrast to the first patient, she 
was administered a larger volume of i.v. fluid and kept in the 
right lateral position for at least 15 min after the onset of 
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symptoms. This explains why the subsequent pulmonary 
oedema was predominantly on the right side. As in the first 
patient the initial symptoms of fainting were treated first 
with ephedrine and not atropine. Nevertheless, the patient 
developed severe bradycardia and hypotension on moving 
her from the supine to the right lateral position. 

We can only speculate as to the pathophysiological 
mechanism causing myocardial ischaemia, diastolic 
dysfunction, pulmonary oedema and infarction associated 
with the transient regional left ventricular dysfunction. A 
predominant vagal tone, as occurred in both of our 
patients, may induce multivessel coronary vasospasm.* A 
decreased sympathetic tone caused ST-segment depres- 
sion in women during Caesarean section under spinal 
anaesthesia.!° Intracoronary injection of acetylcholine is 
used as a diagnostic test to identify patients with 
coronary artery spasm, which supports the pathogenic 
role of predominant vagal tone.7°?! In a recent study on 
dobutamine stress echocardiography” the pure B-stimu- 
lator, dobutamine, induced coronary vasospasm in 
patients with coronary spastic angina inducible by 
intracoronary acetylcholine. 

Other explanations are less likely. Myocardial ischaemia 
secondary to a massively increased oxygen demand asso- 
ciated with sinus tachycardia and severe hypertension after 
administration of atropine and ephedrine is unlikely. In 
young patients with excellent exercise tolerance and 
angiographically normal coronary arteries, such periods of 
hypertension, even when preceded by hypotension, are 
usually well tolerated and have not been reported to be 
associated with regional wall abnormalities. Even less likely 
as an explanation would be acute thrombus formation in 
normal coronary arteries with spontaneous lysis, since the 
regional distribution of the stunned myocardium would 
require several coronary arteries to be affected. 

Anaesthetists are more and more reluctant to use 
vagolytic drugs prophylactically, in order not to mask the 
tachycardia induced by accidental i.v. injection of an 
epinephrine-containing test dose, and also because the 
tachycardia induced by atropine is considered potentially 
harmful in elderly patients. Moreover vasovagal syncope 
occurring during placement of i.v. lines or regional blocks is 
considered a harmless and mostly spontaneously resolving 
event. Vasovagal fainting is associated with an increased 
vagal, and a decreased sympathetic, activity explaining 
bradycardia and hypotension, respectively. Kinsella and 
Tuckey” therefore suggest ephedrine as the logical first-line 
drug treatment of bradycardia during spinal anaesthesia, 
whereas others recommend atropine first and then ephe- 
drine? 

In order to prevent fatal cardiac arrest under spinal 
anaesthesia early aggressive treatment of bradycardia and 
hypotension with fluids, atropine, ephedrine and eventually 
epinephrine is recommended. How early, at what dose and 
what intervals the drugs are to be administered must be 
decided by the attending anaesthetist. Whereas administer- 


ing ‘too little, too late’ may lead to asystole, ‘too much, too 
early’ may lead to arrhythmia and coronary vasospasm with 
infarction, as in our two cases. Furthermore, although the 
ephedrine doses as administered in our patients seem to be 
large, similar doses were investigated for prophylactic use 
without serious side effects.” *4 

The important parasympathetic predominance in two 
young, anxious women may have increased the risk for 
coronary vasospasm that was then induced by, retro- 
spectively, too large a dose of ephedrine, administered 
under the assumption of a rapidly increasing level of 
spinal block. Prior administration of atropine, especially 
to the first patient who was not hypotensive at the onset 
of the symptoms, might have prevented the coronary 
vasospasm. 

We conclude that a delay of immediate supine placement 
of a patient suffering from vasovagal symptoms during 
placement of neuraxial block in the sitting position may not 
be compensated by increasing the dose of œ- and B- 
adrenergic drugs. In the light of unopposed vagal predom- 
inance predisposing to coronary vasospasm, even in young 
healthy patients, the previously suggested sequence of first 
injecting atropine and then ephedrine in the case of 
bradycardia with or-.without hypotension under spinal 
anaesthesia is further corroborated. 
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Hirudin and its reversal 


Editor—I read the informative editonal on heparin resistance by 
Anderson and Saenko! with interest. However, experience forces 
me to point out a possible area for confusion. Currently, there 1s 
no drug reversal available for r-hirudin and reversal of its 
anticoagulant effect relies entirely on renal elimination (biological 
half-life of 1-1.5 h).? In patients with poor renal function, 
r-hirudin has a prolonged half-life, which may lead to serious 
bleeding problems after cardiopulmonary bypass (CPB) ° Indeed, 
poor renal function can prolong the half-life of r-hırudin to 30 h, 
and end-stage renal failure can prolong it to more than 300 h. 
There may be little change with dialysis.* 

Although haemofiltration used in conjunction with CPB is an 
established procedure and can be useful in accelerating the 
elimination of r-hirudin, some filter membranes will eliminate 
only 15-42% of the circulating drug.° Given that r-hirudin has a 
molecular weight of less than 7000 Da and most filters have a pore 
size of 50 000 Da, this 1s unsurprising R-hirudin will penetrate 
most filters in either direction—from plasma to ultrafiltrate and 
back again. The wide variation ın membrane clearance rates 
presumably relates to the electrostatic charge on the membrane 

I was the anaesthetist responsible fora 71-year-old, 64-kg man 
with proven type II heparin-induced thrombocytopenia who 
required urgent coronary artery bypass grafting. Despite nearly 
normal preoperative serum creatinine (117 pmol litre), his 
preoperative glomerular filtration rate was only 41 ml mn™. A 
haemofiltration line was electively placed pre-bypass. In spite of 
careful monitoring of the hirudin level and ecarin clotting time, 
the measured r-hirudin level was 2 1 ug ml! (CPB therapeutic 
level 2.5-4 jig ml’) after bypass. Dunng the first four 
postoperative hours, blood loss was 1500 ml h”. 
Haemofiltration (Baxter PSHF 1200) was instituted to httle 
clinical effect. Samples taken from the circuit pre- and post- 
membrane showed a pre-filter hirudin level of 1.1 pg ml” and a 
post-filter level of 0.95 ug mI. In total, the patient required 41 
units of packed red cells, six pools of platelets, 17 units of fresh 
frozen plasma and 32 units of cryoprecipitate. Over 16 h after it 
was last administered, the hirudin level finally fell to below 0 4 ug 
ml-' and the patient produced clots. He went on to make an 
otherwise uneventful recovery. 

In contrast to the above-described scenario, plasmapheresis 
filters (pore size 15 000 Da) can eluminate as much as 60-70% of 
circulating r-hirudin.® Unfortunately, they will also remove large 
quantities of plasma proteins, including procoagulants, and this ım 
turn may require the admunistration of quantities of fresh frozen 
plasma as a replacement 


R. I. P. Dornan 
Edinburgh ; 
UK 


Editor—We read with interest the problems encountered in Dr 
Dornan’s patient who required emergency coronary bypass 
grafting, and in whom a diagnosis of type Il heparin-induced 
thrombocytopenia had been made. With a preoperative reduced 
creatinine clearance, potential complications were clearly antici- 
pated with the elective siting of a haemofiltration line, although 
subsequent haemodialysis (Baxter PSHF 1200) appeared to have 
httle effect on the r-hirudin level. Although the r-hirudin level was 
within a therapeutic range for bypass, there was a clear need for 


reversal of the antithrombotic action of the drug, in view of 
bleeding complications 

Hirudin is a highly potent and specific inhibitor of thrombin 
which inactivates thrombin through the formation of an almost 
irreversible complex.’ Recombinant hirudin, available since 1997, 
exhibits tenfold less avid affinity for thrombin than leech-derived 
hirudin. Nevertheless, a potential weakness of r-hirudin remains 
the lack of an effective antidote in the event of bleeding. In such 
situations, r-hirudin can be eliminated by haemofiltration, and 
high-flux dialysis membranes appear to be the ‘treatment of 
choice’; the key to the successful removal of hirudin lies in 
choosing the correct membrane.” Some low-flux membranes are 
only partially permeable to r-hirudin, while membranes made 
from polysulphone or regenerated cellulose have been shown to be 
impermeable to r-hurudin.® 

Other direct thrombin inhibitors exist with some practical 
advantages over r-hirudin; bivalirudin, a hirulog, is a synthetic 
thrombin inhibitor that causes merely transient inhibition of 
thrombin. Its mechanism of action is umque and involves its 
conversion into a low affinity inhibitor after binding to the active 
site of thrombin.? With only a small proportion of bivalirudin 
undergoing clearance by the kidneys, and with its shorter half-life, 
this drug may be a practical alternative to r-hirudin in the future, 
particularly in patients with renal impairment. Likewise, melaga- 
tran, a non-covalent inhibitor of the active site of thrombin, may 
also be a promising alternative '° 


J. A.M Anderson 
E. L. Saenko 
Belfast 

UK 
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Platelet function assessment in Glanzmann’s 
thrombasthenia 


Editor—We read with interest the case report by Monte and 
Lyons’ about the peripartum management of a patient with 
Glanzmann’s thrombasthenia. The report displays how a multi- 
disciplinary approach to a complicated case can aid in its 
successful management. 

We agree that the thromboelastographic picture of Glanzmann’s 
thrombasthenia has not been reported before. An aspect of the 
authors’ discussion that we would like to challenge is their 
comment that there is no accepted or universally available monitor 
of platelet function. The PFA-100™ system is a platelet function 
analyser designed to measure platelet-related primary haemosta- 
sis It has been ın use since the mid-1990s.” In principle, citrated 
whole blood is aspirated through a capillary into an aperture, the 
surface of which is coated with collagen to which ADP or 
epinephrine is added. The time taken for the aperture to occlude 
by formation of a primary haémostatic plug is measured—this is 
the closure time. 

Extensive work has been carried out to validate the PFA-100™ 
in many different patient groups, including patients on anti- 
platelet agents, patients undergoing cardiopulmonary bypass, and 
uraemic and cirrhotic patients. A clinical sensitivity of 94.9% and 
specificity of 88.8% has been found with the PFA, compared with 
94.3% and 88.3%, respectively, for platelet aggregometry tests.? 
The PFA has been found to be highly reliable in identifying 
congenital thrombocytopathies, including Glanzmann’s throm- 
basthenia.* 

The test ıs simple, rapid (giving a result within 5 min), and does 
not require specialist training. Use of the PFA is becoming 
increasingly widespread and ıt is now a well-accepted monitor of 
platelet function in both Europe and North America. 


W. Marchant 
S. Mallet 
London 

UK 


Editor—We thank Marchant and Mallett for their interest in our 
case report, and are pleased that they only have one point of 
criticism 

TEG® measures platelet function in terms of clot strength, 
determined by the firmness of the fibrin/platelet matrix. The PFA- 
100™ system measures the ability of platelets to plug a hole in a 
membrane in terms of closing time. The two tests are 
complementary. Jt would have been particularly interesting to 
see what the PFA would have made of the rFVII, since this would 
have probably answered the question of its efficacy in this 
condition. Unfortunately, the nearest PFA that we are aware of is 
the one in Dr Mallett’s hospital. 

These and other points of care platelet function monitors are 
reviewed by Harrison,” and for further information the reader is 
directed to his review. 


S. Monte 
G. Lyons 
Leeds 
UK 
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Cerebrovascular carbon dioxide reactivity in 
children anaesthetized with sevoflurane 


Editor—We read with interest the article on cerebrovascular 
carbon dioxide reactivity (CCO2R) in children anaesthetized with 
sevoflurane.! We have a few comments regarding the article. 

(i) In the first paragraph, the authors have mentioned that 
controlled hyperventilation acts through the mechanism of 
CCOR to reduce both cerebral blood flow and cerebral blood 
volume. However, it ıs not proven what causes the changes ın 
cerebral blood flow velocity and cerebral blood volume following 
changes in arterial carbon dioxide tension (Paco,) 

(i1) In the discussion, the authors mention that carbon dioxide exerts 
a rapid and considerable influence on the cerebral circulanon by 
dilating cerebral arterioles and increasing the cerebral circulation. 
The authors have not given any reference to this statement. There 
are studies showing the effect of different tensions of arterial carbon 
dioxide on the diameter of cerebral vessels of different sizes,” 3 by 
measuring the vascular diameter rather than assuming the change in 
the diameter of these vessels on the basis of changes in flow 
measured by transcranial Doppler sonography. 

(iii) The investigators have insonated the rather large M1 segment 
of the middle cerebral artery, but made conclusions about changes 
in diameter of much smaller distal arteries. 

(iv) Are the speculated changes in the middle cerebral artery 
diameter (derived from changes in flow velocity) real changes or 
the effect of pulsatility® as a result of changes in cardiovascular 
haemodynamics? 

(v) All volatile anaesthetics depress myocardial function, which 
may affect cardiac output, and in turn affect cerebral flow and 
cerebral flow velocity. 

(vi) Changes in Paco, lead to dramatic changes in cardiac output,’ 
which also influence the cerebral blood flow and cerebral blood 
flow velocity. 

(vin) Should we assume that changes in cerebral blood flow, 
cerebral blood velocity and cerebral blood volume are due to 
changes in the diameter of the cerebral vessels? Or are these 
changes due to changing cardiac output and flow velocity in the 
central circulation? 

(viii) The authors have recorded an increase in cerebral blood 
flow velocity following an increase in PE’co,. They mention that 
these changes were not the result of ‘cardiovascular alterations’ 
(heart rate and mean arterial pressure were stable thioughout the 
study period). Cardiovascular alterations do not merely include 
changes in heart rate and mean arterial pressure More important 
variables are cardiac output, stroke volume and pempheral 
vascular resistance, which were not measured. 

The authors cannot contribute the recorded changes in flow 
velocity to arterial dilatation since they have not measured arterial 
diameter Others have shown that cerebral arterial diameter down 
to 0.57 mm ıs unchanged when Paco, varies from 28 to 80 mm He. 
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Editor—Thank you for the opportunity to reply to Drs Brohi and 
Djurberg. The aim of the opening statement in our introduction 1s 
to define the clinical relevance of the investigation. The term 
cerebrovascular reactivity to carbon dioxide (CCOR) describes 
the observed effect which Paco, has on cerebral blood flow and 
cerebral blood volume. The manipulation of this phenomenon is a 
cornerstone of neuroanaesthetic practice. 

The aim of the study was to determine the effects of sevoflurane 
on CCOR, by measuring middle cerebral artery blood flow 
velocity (CBFV) at different levels of PE’co, by transcranial 
Doppler (TCD) sonography. We did not set out to investigate, nor 
did we postulate the underlying mechanism. However, we cited 
the work of Severinghaus and Lassen who demonstrated that a 
change in Paco, caused a rapid change in cerebral blood flow. 
They postulated that this was most likely due to an effect on 
arteriolar tone caused by a change in extracellular pH resulting 
from rapid diffusion of carbon dioxide from the arterial blood into 
arteriolar smooth muscle. 

We gave a detailed explanation of the methodology and 
possible sources of error associated with TCD sonography. We did 
not set out to measure, nor did we make any conclusions about, 
changes ın the diameter of the middle cerebral artery or any other 
cerebral blood vessels However, we did state that relative 
changes in cerebral blood flow velocity have been shown to 
correlate well with changes in cerebral blood flow measured by 
intravenous xenon'® clearance and radioactive microspheres In 
order for this to be true, the cross-sectional area of the M1 
segment of the MCA must not alter significantly with changes in 
blood pressure, Paco, or the use of anaesthetic agents. This has 
been verified by direct measurement during craniotomy, and using 
both angiography and Doppler signal power analysis. 

We agree that volatile anaesthetics depress myocardial func- 
tion, which may affect cardiac output, and in turn may affect 
cerebral flow and cerebral flow velocity. Furthermore, we 
discussed the direct effects which sevoflurane has been shown 
to have on the cerebral vasculature. The aim of the study was to 
investigate the effect of-a constant 1.0 MAC sevoflurane on 
CCO2R. 

We agree that a change m Paco, has complex effects on 
haemodynamics including heart rate, cardiac output, stroke 
volume, blood pressure and systemic vascular resistance. We 
did not set out to investigate, nor did we comment on their 
influence on CCOR However, we did observe that heart rate and 
mean blood pressure remained remarkably stable throughout the 
study period, which suggests that the observed changes in CBFV 
were not a result of cardiovascular alteration. 

We did not set out to elucidate the mechanism underlying the 
phenomenon of CCO,R nor did we attribute the observed changes 
in cerebral blood flow velocity to arterial dilatation. However, we 
did state that having accounted for all of the confounding factors 
that could affect the CBFV and the possible measurement errors, 
one can conclude that the observed changes in CBFV are 
attributable to changes in PE'co, 


D. A. Rowney 
Edinburgh 
UK 
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Ventilating in recovery—the way forward: 
intensive therapy or critical care? 


Editor—Having read the editorial ın the BJA,' we have a number 
of concerns regarding the widespread adoption of the post- 
operative critical care unit (POCCU) as a solution to critical care 
bed shortages. What the authors have demonstrated is that simply 
increasing the total number of critical care beds in the Royal 
Liverpool University Hospitals from 13 to 17 produced entirely 
predictable reductions in cancelled operations. 

The most recent Department of Health review of critical care 
services (Comprehensive Cntcal Care”) emphasized the mpor- 
tance of classifying critically ill patients on the basis of their 
dependency (i.e care required), rather than the location where 
they were being nursed (e.g. ICU, HDU, POCCU, etc.). The 
authors admut that their present ICU is constrained by architectural 
factors and so they have merely expanded their Level 2 or 3 care 
into the recovery area. 

Unfortunately, the authors have missed this point when they 
claim that the ‘establishment of a critical care facility in the 
operating theatre may have advantages over ITU expansion’. The 
POCCU beds are indeed critical care beds and are just one 
solution to the common problem of ICU bed shortage. A number 
of equally effective solutions exist and hospitals must choose one 
that suits their needs the best. Our concern about POCCUs and 
overnight intensive recovery (OIR) is that, although they may 
manage Level 2 and 3 patients, they may not comply with the 
standards pertaining to architecture, equipment, facilities and 
manpower that are required to care for critically ill patients The 
standards required are well established,° and it is clear from the 
editorial that the POCCU may not meet some of these important 
standards. 

In summary, the authors have descnbed a possible solution, but 
part of its success may simply reflect the fact that the number of 
critical care beds has been increased. POCCUs may be a 
retrospective step because the standards required to care for 
Level 3 patients may not be met. This is something that the 
specialties of anaesthesia and intensive care should avoid simply 
for the sake of expediency. 


S. Ridley 

P. Nightingale 
Norwich 

UK 


Editor—Thank you for the opportunity to reply to Ridley and 
Nightingale. We are disappointed with their concerns about the 
postoperative critical care unit (POCCU) or overnight intensive 
recovery (OIR) approach to managing surgical patients. As they 
say ‘hospitals must choose the [solution] which suits their needs 
the best’. The editorial tried to demonstrate that intensive therapy 
unit (ITU) expansion may not be the most appropriate response. 

Our APACHE II data show consistently higher scores for the 
TTU than the POCCU each month (mean data for April 1, 2001 to 
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September 30, 2001: ITU 15.3, POCCU 12.6). This suggests that a 
different patient population 1s being cared for on the POCCU. The 
reduction in cancelled operations may not be due to the increase in 
critical care beds alone. Some of these patients may have had their 
opération but gone to a surgical HDU and not the ITU, in the days 
before we opened the POCCU. The opening of the POCCU has 
therefore also allowed more appropriate use of surgical HDU 
beds. We believe that this demonstrates that we are achieving, at 
least in part, our objective of caring better for postoperative 
surgical patients. Indeed, provision of ITU beds for these patients 
might represent over-provision. 

We are unsure where we ‘miss the point’ about ITU expansion. 
Our point is that POCCU or OIR beds are not ITU beds. This 
allows some flexibility in providing critical care m novel 
environments. The POCCU allowed the expansion of critical care 
beds in this Trust. Even if our reduction in cancelled operations 
was solely due to this expansion, the fact remains that an 
enlargement of our ITU by four beds could not have been 
achieved for the same resource as the establishment of the 
POCCU. 

In an ideal world, critical care shortfall would be dealt with by 
ITU expansion. In ageing hospitals, with scarce resources, we feel 
it is expedient to provide the best solution we can for our patients. 


I Jones AG, Harper Sj. Venulating in recovery—the way forward: 
Intensive therapy or critical care? Br f Anaesth 2002, 88: 473-4 

2 Department of Health, Comprehensive Critical Care. a review of 
adult crtical care services 2000. http:/Awww.doh.gov.uk/pdfs/ 
criticalcare pdf 

3 The Intensive Care Soaety. Standards for Intense Care Units. London: 
Intensive Care Society, 1997 


Anaphylactic reaction to isosulphan blue 


Editor—Sentinel lymph node biopsy (SLNB) is a minimally 
invasive technique, which has been introduced into breast surgery. 
It has the potential to limit the need for full axillary clearance in 
patients with positive axillary nodes.! The technique uses 
isosulphan blue dye (Hirsch Industries Inc., Richmond, VA, 
USA), a patent blue dye derivative, either alone or in combination 
with a radio colloid, to aid the detection of malignant metastasis to 
sentinel nodes.? We recently treated a 50-yr-old female with 
breast cancer who developed a severe reaction to 1sosulphan blue. 
Anaesthetists should be made aware of the high incidence of 
adverse reactions to this substance. 

The patient was scheduled for left lumpectomy and left axillary 
SLNB with localization using isosulphan blue dye and techne- 
tium-99 sulphur colloid, in an outpatient setting. After radio 
colloid injection and lymphoscintography, she was transferred to 
the operating room facility and anaesthesia was induced using 
fentanyl 150 mg, propofol 120 mg and rocuromum 40 mg. 
Uneventful anaesthesia continued for 50 min dumnng the initial 
stages of the operation. After 50 min, the surgeon injected 
isosulphan blue 3 ml subcutaneously around the tumour. 
Approximately 30 min after this injection, the patient’s systolic 
arterial pressure fell abruptly from 104 to 70 mm Hg. Over the 
following few minutes, repeated ephedrine 10 mg and phenyl- 
ephrine 200 mg boluses were administered intravenously. Her 
systolic arterial pressure further decreased to 64 mm Hg, and then 


to 52 mm Hg. Spo, declined marginally from 99-100% to 
95-96%, as is expected with isosulphan blue. End tidal carbon 
dioxide concentration remained unchanged. No bronchospasm, 
rash or urticaria were observed. 

Anaesthesia was reduced to the minimum necessary consistent 
with amnesia, 1.v epinephrine 100 ug was given and the patient’s 
arterial pressure increased transiently. Resuscitation continued 
with i.v. fluids and epinephnne in repeated 100-300 pg iv. 
boluses. During the next 30 mm, 5-6 litres of 1v fluid and 
epinephrine 2 mg were given. A right radial artery cannula was 
placed for continuous monitoring of arterial pressure After 
30 min, frequent repeated epinephrine boluses were still required 
to maintain cardiovascular stability. The patient’s mght internal 
jugular vem was cannulated, hydrocortisone 100 mg and 
diphenhydramine 50 mg were administered, and a continuous 
infusion of epınephrıne 400 pg! h7! was established Her systolic 
arterial pressure stabilized at 100-110 mm Hg. Blood was 
obtained for measurement of serum mast cell tryptase concentra- 
tion, routine bloods tests, clotting and arterial blood gases. The 
decision was taken to continue with the lumpectomy to remove 
excess isosulphan blue and minimize the possibility of a biphasic 
anaphylactic reaction.2? Concomitant planned gynaecological 
surgery was cancelled. 

After surgery, the patient was admitted to the mtensive care 
unit. She continued to require epinephrine to maintain cardiovas- 
cular stability. She also developed orofacial oedema. But after 
12 h, the oedema resolved, the epinephrine infusion was weaned 
and the tracheal tube was removed She was discharged home 
3 days. after surgery with no residual effects 

Sentinel lymph node biopsy has the potential to become a 
common treatment for patients with breast cancer because it 
allows effective axillary node clearance without the associated co- 
morbidity. Isosulphan blue is widely used for SLNB and 
anaphylaxis precipitated by its use 1s sufficiently common to be 
of clinical concern. The manufacturer of the dye suggests a 1.5% 
incidence of adverse reactions, all of them allergic.? The literature 
quotes a range of between 0.6 and 2.5%.?** When the SLNB 
technique is introduced into clinical practice, the risks associated 
with isosulphan blue need careful consideration. For instance, 
perhaps as part of informed consent, patients should be told of the 
possible occurrence of life threatening complications. We also 
question whether it 1s appropriate to administer isosulphan blue in 
the day case setting—certainly, adequate facilities to care for the 
patient during and after surgery should be available. Anaesthetic 
personnel should be aware of these potential problems with 
isosulphan blue and be equipped to deal with them. 


T. B. Stefanutto 
W. A. Shapiro 
P. M. C. Wright 
San Francisco 
USA 


| Darn A, Mackay S Recent advances in minimal access surgery Br Med 
J 2002, 324, 31-4 

2 Krag D, Weaver D, Ashikaga T, et af The sentinel node in breast 
cancer—a multicenter validanon study N Engi J Med 1998; 339 
941-6 

3 Leong SP, Donegan E, Heffernon W, Dean S, Katz JA. Adverse 
reactions to isosulfan blue during selective sentinel lymph node 
dissection m melanoma. Ann Surg Oncol 2000, 7: 361-6 

4 Hirsh Industries Inc lsosulfan blue 1% aqueous solution (lymphazurin 
1%)}—product monograph 1983 

5 Albo D, Wayne JD, Hunt KK, et al. Anaphylactic reactions to !sosulfan 
blue dye dunng sentunel lymph node biopsy for breast cancer Am jJ 
Surg 2001; 182: 393-8 
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6 Kuerer HM, Wayne JD, Ross MI. Anaphylaxis during breast cancer 
lymphatic mapping. Surgery 2001; 129: | 19-20 

7 Cimmino VM, Brown AC, Szocik JF, et al Allergic reactions to 
isosulfan blue during sentnel node biopsy—a common event Surgery 
2001, 130: 439-42 

8 Longnecker SM, Guzzardo MM, Van Voris LP. Life-threatening 
anaphylaxis following subcutaneous administration of isosulfan blue 
1%. Clin Pharm 1985, 4. 219-21 


Shortage of isoproterenol (isoprenaline) 
hydrochloride 


Editor—Since muid-2000, a shortage of raw materials has had a 
considerable impact on the availability of isoproterenol hydro- 
chloride ın the UK and USA. While the US shortage appears to 
have been resolved ın August 2001,' commercial supplies of 
isoproterenol hydrochloride are no longer available in the UK. In 
May 2002, after exhaustive attempts to locate an alternate source 
of raw materials of sufficient quality, Forest Laboratories UK Ltd 
(Pharmax Ltd, Bexley, Kent) reluctantly announced the discont- 
nuation of isoproterenol hydrochloride (Saventrine IV™).? 
Celltech Medeva (Leatherhead, Surrey), the only other UK 
supplier of isoproterenol products, discontinued supplies of 
Min-I-Jet® Isoprenaline in 2001. 

While other treatments for symptomatic bradycardia and 
refractory torsade de pointes do exist, the loss of isoproterenol 
hydrochloride could potentially pose a serous problem for those 
involved in cardiothoracic transplantation and cardiac electro- 
physiology. Fortunately, the sulphate salt of isoproterenol 1s 
available from a number of ‘special’ manufacturers including the 
Pharmaceutical Manufacturing Unit attached to Torbay Hospital. 
Isoproterenol sulphate is less potent than the hydrochloride salt 
and is currently unlicensed in the UK. Isoproterenol sulphate 
0 1125% (2.25 mg/2 ml, equivalent to 2 mg/2 ml isoprenaline 
HCI) should now be available to hospital pharmacies.” 


J. E. Arrowsmith 
Cambridge 
UK 


1 US Food and Drug Administration, Center for Drug Evaluation and 
Research web site (http://www.fda.gov/cder/drug/shortages/) 

2 Personal communication Caroline Bolton, Medical Information 
Department, Forest Laboratories UK Ltd, Bexley, Kent DAS INX, 
UK 

3 Personal communication’ Phil Bendel, 
Manufacturing Unie, Torbay Hospital, UK 
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The confidential enquiries into maternal deaths in 
the UK (CEMD)—a ‘sub-standard’ report? 


Editor—I fully subscribe to the widely accepted view that the 
latest Confidential Enquines into Maternal Deaths in the UK! 
(CEMD) is the best audit of its kind ın the world today, containing 
marked improvements on the previous one. The title of this letter 
is only intended to provoke discussion and debate! 

The fact that the CEMDs have helped significantly to reduce 
maternal mortality and morbidity is undoubted, and the recent 
success story regarding thromboembolism deserves congratula- 
tion. However, the fact that the authors have such power to 
improve practice and change outcomes brmgs with it a 
responsibility, for ıt 1s incumbent on them to determine where 


further improvements could be made and to act on them without 
delay. I believe there could have been a similar success story with 
regard to hypertension (the second commonest cause of death), 1f 
the previous triennial reports had been more specific. Each 
trimester, I have looked forward to reports of improvement in this 
respect, but once again the 1997-99 report was disappointing, 
especially with regard to reporting anaesthetic details and 
recommendations regarding magnesium therapy. 

In contrast, the chapter on haemorrhage was exemplary, with 
relevant details cluding the exact stage at which junior and 
consultant anaesthetists became mvolved. The recommendation 
that anaesthetists be involved at an early stage in planning patient 
management, and that for a woman at known risk of haemorrhage, 
‘any anaesthetic should be given by a consultant’, is strongly 
worded and unambiguous. I cannot understand why this 
recommendation has not been extended to other high-risk 
situations, especially hypertension, HELLP syndrome and sepsis. 

The chapter on anaesthesia stressed that delayed or inadequate 
consultation with anaesthetic colleagues contributed significantly 
to substandard care, and deplored the fact that anaesthetists are 
still not considered an important part of the multidisciplinary 
team. The need to ‘be aware of the vital contribution that can be 
made by anaesthetists when adequate warning is given, and harm 
that can result when ıt is not’, was emphasized. Sadly, consultant 
involvement was specified only in two of the 17 cases discussed in 
this chapter, leaving one to surmise that the vast majority of 
patients were attended to by trainees alone. It would certainly 
have been of value to know the level of expertise of the trainees 
involved (e.g. third year registrar, first year trainee, locum, etc.). 

The three deaths directly attributable to anaesthesia also need 
further comment. In the first instance, when epidural anaesthesia 
was complicated by a -dural tap and converted to a high 
subarachnoid block for Caesarean section, should not a senior 
colleague have been called in early so that the first anaesthetist 
need not have left a healthy young mother to deteriorate, to attend 
to a dying baby? Should not a consultant have been involved ın 
the second case where a badly planned fifth anaesthetic was given 
for a scheduled operation on a high-risk mother ın intensive care? 
Although the third death was blamed on over-transfusion with 
colloids, could it not have been due to acid aspiration? 

My strongest criticism of the chapter on hypertension is that the 
anaesthetic care has been omitted. Most of these patients had very 
high arterial pressure and died after Caesarean section. Yet the 
anaesthesia given and the experience of the anaesthetist involved 
have not been recorded. Perhaps it is not unfair to assume that 
most of them were done under general anaesthesia by inexper- 
ienced juniors who did not use prophylactic measures to obtund 
the catecholamine surges at intubation and extubation, and the 
other stressful manoeuvres, which would certainly have con- 
tnbuted to, of not directly caused, intracranial haemorrhage and 
pulmonary oedema, the causes of death. 

The greatest disappointment was that even in this latest report, 
the place of magnesium has been underplayed. In several 
instances, various cocktails have been given and magnesium 
avoided or only resorted to ‘too late’. Practising in a developing 
country, I cannot come to terms with the fact that the simple, tried 
and tested magnesium therapy is withheld. The recommendations 
given for the management of pre-eclampsia are far behind the 
times, magnesium being advocated ‘too late’, only after seizures 
have occurred. Magnesium therapy has been standard practice in 
the USA, Australia and other countries for decades, and its safety 
and efficacy are well documented. I recall that the UK lagged far 
behind other countries in changing from magnesium tstlicate to 
sodium citrate. Are they not making the same mistake with regard 
to magnesium sulphate? 

May I make the following suggestions? 
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(1) The chapter on hypertension should be reviewed case by case 
by a multidisciplinary special interest team including practising 
consultant obstetric anaesthetists. 
(ii) The recommendations for pre-eclampsia should be reviewed 
with a view to early institution of magnesium as a first-line 
therapy for the prevention of complications and suppression of 
catecholamine surges, especially during labour and general 
anaesthesia, 
(iu) Recommendations regarding the choice of anaesthetic 
technique for patients with pre-eclampsia and HELLP syndrome 
should also mention consultant involvement. 

May I also draw attention to the fact that a few typing errors 
have crept in, such as 20001 for 2001! 


I hope these points are taken in the spint in which they are 
written, hopeful that recommendations may be given before the 
golden jubilee of the CEMD, so that more young women need not 
die due to ‘sub-standard’ care. 


N. Rodrigo 


Colombo 
Sri Lanka 


1. Why Mothers Die. Report on Confidential Enquiries into Maternal Deaths 
in the United Kingdom 1997-1999. London: RCOG Press, 2001 
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Problems m Anesthesia Series. L. A. Fleisher and D. S. Prough 
(editors-in-chief). Traumacare R. P. Dutton (guest editor) 
Published by Lippincott, Willams and Wilkins, Philadelphia. 
Pp. 423, indexed; illustrated 


This book 1s part of the continuing Problems in Anesthesia series 
published quarterly by Lippincott, Willams and Wilkins. The text 
1s detailed and scholarly and is divided into 12 sections, which 
cover most of the interface the practising anaesthesiologist has 
with the increasingly important field of trauma care. 

The information is presented ın classic American monograph 
style and is generally readable, although the font size in some of 
the reduced diagrams had this reviewer reaching for his number 
two spectacles Doubtless, younger eyes will fare better but may 
desire more use of the text box in future volumes of the series to 
present key synopses, particularly since there are no detailed 
summaries of chapter contents. 

The contributors are leading experts in the field and are almost 
all from the United States. Although authoritative, this selection 
gives only a partial view of the mvolvement of anaesthetists in 
trauma care worldwide, particularly in Europe where they are 
routinely involved in prehospital emergency care The role of 
anaesthetists in this text 1s confined to involvement with the 
progression of the patient through hospital. Field and disaster 
anaesthesia are not considered. 

The guest editor and many of the contributors come from the 
Baltımore Shock Trauma Center, which has done so much to 
further advancement in this field. The text is presented in a 
multidisciplinary way, but there is a logical progression of the 
management of the trauma patient from the emergency room right 
through to the intensive care unit. 

Trauma is now the main cause of death in certain parts of the 
world, particularly in the younger age groups, and the best 
management is gained by the trauma team approach. The key role 
of the anaesthetist in this team is emphasized from the outset and 
there ıs a major central chapter given over to the priontizing of 
surgery for the trauma patient. Here the anaesthetist plays an 
essential role as the ‘gatekeeper’ of the operating theatre, and has 
a large responsibility for ensuring correct resuscitation measures 
have been taken and that surgery for life-threatening injuries is 
conducted first. 

The early chapters of the text concern the assessment and early 
management of the trauma patient and follow essentially the well- 
established protocols set out by the ATLS course developed by the 
American College of Surgeons. Despite the relative clinical 
rigidity of this approach, there is sensible council about the need 
for dynamic and integrated assessment and resuscitation, and 
advice on when it is necessary to break the rules of the ATLS 
system 

Airway and ventilation management are rather loosely entwined 
in the text and greater emphasis could have been given to the need 
for effective ventilation as an immediate reflex following 
establishment of the airway Techniques of IPPV are given only 
cursory treatment and confined to the use of the bag valve mask. 
The valuable role of the portable automatic ventilator is absent, 
possibly because it has been more widely used in emergency 
medicine in countries other than the United States. 

Airway management is mghtly given detailed treatment with 
good discussion of devices such as the LMA‘ and Combitube. 
Curiously, the essential technique of cricothyroidotomy is 





tLMA? is the property of Intavent Limited 


relegated to the practice of the emergency physician, but should 
be firmly within the capabilities of the trauma anaesthetist. 
Cervical spine management 1s given careful treatment in the 
airway section 

There follows a good overview of the theoretical and practical 
aspects of the management of traumatic shock, with a clinical 
discussion covering early and late resuscitation and the impor- 
tance of treatment before irreversibility sets ın. A section on fluid 
replacement follows a discussion of the pathogenesis of traumatic 
shock, and moves the debate beyond the usual impasse of 
crystalloid vs colloid, emphasizing the key goal of oxygen 
delivery. 

The central pivotal chapter on the role of the anaesthetist in 
overall management provides a logical approach to the manage- 
ment of the arway, control of haemorrhage, traumatic brain 
injury, the realities of thoracic trauma, and finally, limb- 
threatening injury and time-dependent systemic infection. This 
chapter will be a valuable tool for the anaesthetist involved in the 
overall management of surgical priorities. They take serious 
decisions on who must make nsk—benefit analyses for each case, 
allowing for potential complications from a delay in surgery. 

The remainder of the book is given over to a clear account of 
the management of closed head injures and a collection of 
chapters devoted to the pathophysiology of trauma, spinal cord 
injury, trauma in the young, pain, and burns management. There ts 
a very useful chapter on the management of post-traumatic 
respiratory failure and an analysis of the management of ARDS in 
the light of the findings of the 2000 consensus conference held in 
Barcelona. 

This monograph should find a very useful place as a source 
reference for all anaesthetists involved in trauma for many years 
to come The editors and publisher are to be congratulated ın 
producing a definitive text at a very affordable price. Although 
certain sections, particularly the chapter on mediators of tissue 
injury, may appear rather indigestible, repeated reading will reveal 
a rich source of useful information for those anaesthetists who will 
be increasingly involved in the front line management of trauma. 

D. J. Baker 
Paris 
France 


Accident and Emergency Diagnosis and Management. 4th Edn 
Anthony F. T. Brown Published by Amold, London. Pp. 442; 
indexed; ulustrated. Price £18 99 ISBN 0340807202. 


This pocket-sized handbook is armed at senior house officers in 
emergency medicine. The author promises ‘practical didactic 
advice’ on managing ‘every patient, however unusual, complex or 
unexpected the presentation’. By and large, he delivers on this 
promise. 

The book is comprehensive and concise. Basic medical and 
surgical emergencies are adequately covered. Cnitical points in 
consolidating a diagnosis are followed by a clear outline of 
management priorities for all common emergency conditions. The 
section on administrative and legal considerations is excellent. It 
covers dealing with the police, consent to treatment, and many 
other difficult issues All yunior doctors should read this chapter 
before starting work in an Accident and Emergency (A&E) 
department. It would go a long way towards keeping them out of 
trouble The book ts well indexed and cross-referenced. Web- 
based resources are included, as are contact numbers for relevant 
organizations, such as the UK National Poisons Centre. 
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The title ‘Diseases imported from abroad’ for the tropical 
medicine section irked me somewhat. Abroad 1s a relative term. 
The inclusion of HIV infection in this section would seem bizarre 
to those of us based in British cities. The HIV infection we see 1s 
locally acquired rather than imported! The chapter hardly 
mentions tuberculosis, which is becoming ever more important. 
The section on neck sprains is, sumilarly, too short. X-rays are 
advised for all patients, although evidence-based guidelines exist 
which identify patients who do not necessanly need an x-ray. 

It must be difficult with a core handbook such as this, to 
compromise between the constraints of being pocket-sized and 
being comprehensive. I did not find the format attractive. The text 
is dense and key information seems hidden in the middle of pages. 
More diagrams and algorithms would give the presentation a more 
contemporary feel. The crucial points would be more obvious. 
Most junior doctors would value some spaces to include scribbles, 
so as to cross reference the book’s recommendations with local 
practice. 

There will inevitably be areas of conflict between a core 
handbook, such as this, and locally developed guidelines. I 
identified numerous differences with my departmental guidelines, 
mainly in drug therapies. There is always a problem keeping a 
published text up-to-date and the anti-tetanus policy has already 
been changed in the UK to include diphtheria immunization. 
Locally developed departmental guidelines may lessen the need 
for a handbook such as this. 

I expect that most young UK consultants relied on previous 
editions of this book, or simular texts, to keep them on the right 
track when they were senior house officers for the first time in 
A&E. Nowadays, ın most teaching hospitals, junior doctors are 
better supported. I was disappointed, therefore, that the impor- 
tance of calling early for senior support was not emphasized 
enough in this book. Thankfully, modern emergency care is based 
on experienced emergency physicians, not junior doctors working 
from handbooks. 

This book is a good core handbook of emergency care. Junior 
doctors will find ıt reassuring to have a copy of this book in their 
pockets when starting those first long night shifts in the emergency 
department They will not go far wrong with this book, once they 
remember to call for help too. 

U. Geary 


Liverpool 
UK 


Handbook of Obstetric Anaesthesia. C. M. Palmer, R. d’ Angelo 
and M. J. Paech. Pubhshed by BIOS Scientific Publishers 
Ltd, Oxford Pp. 266; indexed; illustrated. Price £60.00. ISBN 
1-85996-232-7. 


This book is designed as a guide to practical obstetric anaesthesia 
and aims to be a quick reference for trainees and consultant 
anaesthetists working in this area. The contents section shows 
clearly the chapters together with their relevant subsections, and 
this simplifies matters for the anaesthetist seeking help on a 
particular topic. The content 1s easily readable and there are a 
plethora of tables, charts and diagrams ın each section which 
summarize the accompanying text. This makes for quick, easy 
reference. The sections are nicely balanced and cover essentially 
all areas of relevance to the obstetric anaesthetist. At 260 pages, it 
is easy to read through and use to revise concepts before 
examinations. 

There is a good introductory section that summarizes the 
development of obstetric anaesthesia. Thereafter, there are 
excellent chapters on obstetric physiology, neonatal physiology, 
and neuroanatomy and neuropharmacology which anyone revising 
for examinations would find valuable. The chapter on antenatal 


monitoring fails to mention fetal blood vessel ultrasonography and 
fetal scalp electrodes. 

Chapters 5-8 present anaesthesia for vaginal delivery, anaes- 
thesia for Caesarean section, and methods of postoperative 
analgesia. These chapters are less succinct but the subjects are 
difficult to summarize. In this area, the book does not offer much 
advantage over other books already ın circulation Also ın this 
section, much of the discussion 1s relevant to US practice and not 
especially to UK practice. 

The chapters on pregnancy-induced hypertension and coexist- 
ing disease are excellent, as is the section on complications of 
obstetric anaesthesia and analgesia, which has a useful summary 
of postpartum nerve dysfunction. A chapter on obesity is 
particularly welcome. The sections on neonatal resuscitation and 
medicolegal considerations are well worthwhile. 

This book largely succeeds as an easy reference guide for 
obstetric anaesthetists, but at £60.00 it is probably too expensive 
for the trainee to buy. It is also mainly aimed at the North 
American market, and has almost exclusively North American 
references. Not all sections translate well into Bntish practice 
However, it is a useful reference book to have in the department 
for trainees to revise from and refer to. I can recommend it for this 


purpose, B. Loughnan 
Harrow 
UK 


Critical Care Focus. Number 8: Blood and Blood Transfusion. 
Helen F Galley Published by BMJ Books, London. Pp 85, 
indexed; illustrated. Price £14.95. ISBN 0727916572. 


This is another in a series of short books produced in association 
with the Intensive Care Society. These are not comprehensive 
textbooks, but comprise concise chapters on specific topics 
relevant to the critically ill. The seven chapters in this volume 
cover the function of blood and administration of blood products 
in the critically ill. 

Two chapters describe recent large, influential studies in 
intensive care and will be of considerable interest to the practising 
intensivist. Martin Tweeddale gives a balanced description of the 
Transfusion Requirements 1n Critical Care study, that showed that 
restrictive transfusion practice was associated with similar 
mortality to liberal use of red cells. The results of this study are 
widely known and its recommendations have been adopted by 
many intensive care units. What I liked about the chapter was the 
description of the background and lead-up to the study, the detail 
about study design, and the hints of what actually happened during 
the study itself, particularly in relation to exclusions. These are less 
apparent from the formal publications. Pierre-Francois Laterre 
contributes a similarly balanced description of the PROWESS 
study, which showed reduction in mortality in patients with severe 
sepsis treated with human recombinant activated protein C. The 
background information is a concise description of the confusing 
area of inflammation—coagulation interaction during sepsis, which 
clinicians will find helpful. The discussion of the problems of 
translating study findings to the wider ICU population, particularly 
with reference to bleeding nisk, was also good. 

The other chapters cover a mixture of topics. Machin gives a 
nice overview of haemostatic problems in the ICU, with particular 
reference to platelet function. There is plenty of practical advice 
and I thought the section on heparin-induced thrombocytopenia 
was a useful summary of a subject that causes considerable 
confusion. The chapter on Transfusion Associated Lung Injury 
(TRALD is a well-written account of a poorly understood 
condition that is probably often missed. The authors make 
comparisons with recent advances in the understanding of 


531 


Book Reviews 


ARDS pathophysiology, which may stimulate thought amongst 
those interested in this subject. The section descnbing how to 
investigate a possible case of TRALI is particularly useful. 

Cooper’s chapter called ‘Radical reactions of haem proteins’ 
sounds heavy going, but was a useful insight into the chemuist’s 
view of free radical chemustry. It 1s particularly relevant to those 
interested in artificial haemoglobin-based oxygen carrers. It 
discusses the challenge faced in stopping haemoglobin molecules 
from binding nitric oxide and inducing vasoconstriction, and in 
avoiding oxidant damage from their tendency to change from 
ferrous to ferric or ferryl forms I also learnt that substances hike 
mannitol that are supposed to be free radical scavengers cannot 
fulfil this role ın vivo; another myth dispelled! The section on 
rhabdomyolysis argued elegantly that alkali does not increase 
myoglobin solubility in urine, but does decrease renal damage by 
reducing free radical haem damage. 

The two other chapters, on colloids and leucodepletion of blood 
products, were a little disappomting. The former gave a nice 
historical overview and discussed the problems of carrying out 
outcome studies in this area, but I thought the literature review 
was rather selective. Nielson’s chapter on bioactive substances in 
blood and the importance of leucodepletion was dominated by the 
author’s own data. The literature review was very selective, did 
not include umportant meta-analyses, and did not mention recent 
changes to blood processing practices (leucodepletion at source), 
in the UK and many other countries. In my opinion, the messages 
from this chapter were confused and potentially misleading to 
those unfamiliar with the area. 

In summary, this book 1s exactly what it clams to be—a 
muxture of current opinion. It is an easy, inexpensive account of 
some issues around the blood and critical illness. I think it is best 
suited to the more experienced clinician rather than trainees in 
anaesthesia or intensive care, and some chapters should interest 
haematologists and transfusion medicine specialists who want to 
keep up-to-date with ICU issues. 

T S. Walsh 


Edinburgh 
UK 


Cardiac Arrhythmias. Practical Notes on Interpretation and 
Treatment. 6th Edn. David H. Bennett. Published by Arnold, 
Hodder Headline Group, London. Pp. 340; mdexed, illustrated. 
Price £29 99. ISBN 0340807318. 


This book comprises 27 chapters. The first 18 chapters describe 
the interpretation and treatment of the main rhythm disturbances 
of the heart, including four chapters on AV block, sick sinus 
syndrome, syncope, and arrhythmias due to myocardial infarction. 
The next eight chapters cover treatment. anti-arrhythmic drugs, 
cardioversion, cardiac pacing, catheter ablation, and cardiopul- 
monary resuscitation There is also a chapter on ambulatory 
monitoring The final chapter is a quiz and gives a number of 
ECGs for interpretation. 

In the preface to the first edition, it states that this book is 
intended to fill the gap between those books that cover basic 
arrhythmias and books intended for electrophysiologists This 
edition achieves its aim It is a book wnitten to be 
understandable by readers who have little knowledge of the 
electrocardiographic features of the main cardiac arrhythmias. 
The salient features of the maim arrhythmias are simply 
described and illustrated ın the numerous electrocardiograms 
that accompany the text, the available treatments and 
approaches to prevention are discussed, and the main points 
are summarized at the end of each chapter. 

The chapters are brief and very readable; unfortunately, the 
necessary corollary of this 1s that the mechanistic explanations are 


sometimes either cursory or non-existent. In the introduction, the 
author alludes to the importance of examining multiple simulta- 
neously recorded ECG leads. But, unfortunately, many examples 
are illustrated ın a single lead only. Similarly, for many of the 
ECGs given in the quiz section, the lead is not labelled. There 1s a 
typographical error on page 52; atrial rate should be ventricular 
rate The final chapter is a strong point of the book. Not being able 
to interpret a quiz ECG should motivate the reader to read the 
appropriate chapter. ECGs are rarely interpreted ın isolation and a 
short, single sentence of history could have been provided to 
accompany most of the practice ECGs. 

Most of the intended purchasers of this book are unlikely to 
read the Britsh Journal of Anaesthesia. The important 
question then 1s how relevant is this book to an anaesthetic 
readership? I enjoyed reading it and would recommend it 
unreservedly to anaesthetists who wish to improve their 
knowledge of cardiac arrhythmias. My advice is to buy the 
book and read it. 

S. H. Pennefather 
Liverpool 
UK 


Anaesthesia OSCE. 2nd Edn G. Arthurs, K. M. Elfituri. 
Published by Greenwich Medical Media, London. Pp. 453; 
illustrated. Price £24.50. ISBN 1841100870. 


Anaesthesia OSCE has been written as an aid for candidates 
preparing for the Primary FRCA examination. The second edition 
of this book has been extensively revised with the addition of new 
material. In OSCEs, candidates are required to apply their 
knowledge to answer questions clearly and concisely. This book 
enables them to practice answering realistic OSCE questions. It 
encourages them to do so with constructive and supportive 
feedback from their senior colleagues. The format of this book 1s 
well laid out; the questions are followed by a detailed tutorial on 
that subject. On the whole, it is well presented, concise, and full of 
useful information. 

The introduction provides a bref but worthwhile discussion 
of the necessary preparation for OSCEs, with emphasis on 
frequent practice, and orderly presentation. The book is divided 
ito 14 chapters, covering various stations encountered in the 
examination. The chapters on ‘History Taking’ and ‘Physical 
Examination’ give a quick, structured and systematic approach 
to the patient with several examples (e.g taking history from a 
patient with thyroid disease, examining the cardiovascular 
system, examining cranial nerves, etc.). The introduction in the 
chapter on communication skills was excellent, but some of 
the communication scenarios are rather verbose. Questions 
9-16 in this section will certainly give a new perspective not 
only to the trainee/candidate, but also to the OSCE steering 
group at The Royal College of Anaesthetists. For instance, one 
question involves explaining to a tramee anaesthetic technician 
about application of cricoid pressure in rapid sequence 
induction, and another requires the candidate to explain to a 
patient why their tooth was knocked out accidentally during 
intubation. 

The resuscitation chapter 1s well presented according to the 
Resuscitation Council Guidelines, with algorithms for Basic 
Life Support and Advanced Life Support In the anaesthetic 
equipment chapter, question number seven on the anaesthetic 
machine was a little ambiguous The line diagram of the 
anaesthetic machine was difficult to follow In reality, some of 
the questions ın this chapter and in the one on monitoring 
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equipment were too extensive for one OSCE station. In the 
first OSCE in the monitoring equipment chapter, there was 
also some disparity. There were five questions but six answers. 

In the measuring equipment chapter, the questions on direct 
arterial pressure monitoring, spirometer loops, temperature 
measurement, and humidity were well presented. Regarding the 
question on peripheral nerve stumulators, no doubt all those groups 
of muscle mentioned will contract, but the main muscle that we 
monitor and record from is the adductor pollicis. This point should 
be emphasized in the answer. The introduction to the chapter on 
anaesthetic hazards was excellent, with clear information on 
minor points, which often cause confusion (e.g. the meaning of 
inductor, capacitor, electrical filter; etc.). In the chapter on ‘Skill’, 
some of the questions are vague, and not well structured. 
Incontrast, all the questions in the chapter on anatomy are at an 


appropriate standard for the primary examination. The chapter on 
statistics has an excellent introduction on various statistical tests, 
but has only two questions in it, which are in multiple-choice 
format. This 1s probably not appropriate for an OSCE. The 
chapters on x-ray, ECG and data interpretation are well laid out, 
but the question on the echocardiogram may be too detailed for 
the Primary FRCA examination. 

In summary, however, this 1s a useful book for those preparing 
for the Primary FRCA examination. I would recommend it to 
them. 


B V S Murthy 
Liverpool 
UK 
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succinct account of the problem, in up to 250 words. It 
may be used as it stands by abstracting journals. References 
are not used in this section, except in exceptional 
circumstances. 

~- Three to five key words or phrases (for indexing) should 
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The introduction should give a concise account of the 
background of the problem and the object of the 
investigation. Previous work should be quoted only if it 
has a direct bearing on the present problem. 
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Methods must be described in sufficient detail to allow the 
investigation to be interpreted and repeated by the reader. 
Any modification of previously published methods should 
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commonly used, only a reference to the original source is 
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flu-like disease. Uncommon: chest pain. Investigations: Common: ALT increased, AST 
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International Society for Anaesthetic 
Pharmacology (ISAP, formerly SIVA) 
Orlando, Florida, USA, October 11, 2002 

Contact: International Society for Anaesthetic 
Pharmacology (ISAP), 2 Summit Park Drive, Suite 140, 
Cleveland, OH 44131-2553, USA. Tel: +1 216 447 7862: 
Fax: +1 216 642 1127; E-mail: isaphq@iars.org; Website 
www.isaponline.org 


Australian Society of Anaesthetists National 
Scientific Congress 

Adelaide, Australia, October 26-30, 2002 

This is the Society’s premier scientific conference, held in 
an interesting part of the world. 

For further details, please contact: Festival City 
Conventions, PO Box 949, Kent Town, SA 5071, 
Australia. Tel: +61 (0)8 8363 1307; Fax: +61 (0)8 8363 
1604: E-mail: asa2002 @fecconventions.com.au 


8th International Congress of Cardiothoracic 
and Vascular Anesthesia 

19th International Congress of the Israel 
Society of Anesthesiologists 

Jerusalem, Israel, November 10-13, 2002 

For further information regarding the Congress, please 
contact: 


8th International Congress of Cardiothoracic and Vascular 
Anesthesia, PO Box 50006, Tel Aviv 61500, Israel 

Tel: +972 3 5140000; Fax: +972 3 5140077; E-mail: 
anesth2002 @kenes.com 


Web address: http://www. isranest.org.il/congress 2002 


Primary FRCA Revision Course 

Clinical Education Centre, Leicester Royal Infirmary, 
November 27-29, 2002 

An intensive revision course with emphasis on small group 
tutorial teaching and including MCQ and VIVA practice 
with individual feedback. 

For further information, please contact: Christine Gethins. 
Tel: 0116 258 5291; E-mail: anae@le.ac.uk 


Liverpool Society of Anaesthetists Slim 
Volume Symposium: Evidence-based 
anaesthesia and critical care—a slim volume? 
Moat House, Chester, UK, November 28-29, 2002 

For further details, please contact: Georgina Hall, 
Department of Anaesthesia, Arrowe Park Hospital, Upton, 
Wirral, Merseyside CH49 5PE, UK. Tel: +44(0)151 604 
7056; Fax: +44(0)151 604 7126; E-mail: georgina. 
hall @ whnt.nhs.uk 


Third Euro-PNB Winter Symposium: 
postgraduate course on peripheral nerve 
blockade in surgery and pain management 
for anaesthesiologists 

Excelsior Mila Hotel, Crans-Montana, Switzerland, 
January 16-19, 2603 

Meet European experts in this stimulating course and 
workshops in an exciting environment. 

Registration before December 1, 2002 to: Assoc. Professor 
Alain Borgeat, Department of Anaesthesia and Intensive 
Care, Orthopedic University Clinic, Balgrist/Ztirich, 
Forchstrasse 340, CH-8008 Ziirich, Switzerland. Tel: +41 
1 386 38 32; Fax: +41 1 386 16 09; E-mail: agorgeat@ 
balgrist.unizh.ch 


21st Annual Symposium: Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
Antigua, West Indies, January 19-25, 2003 

For information on abstracts, posters and free papers 
(deadline: November 4, 2002) please contact: Helen 
Phillips, Mount Sinai Medical Centre, 1 Gustave L. Levy 
Place, Box 1010, NY 10029-6574, USA. Tel: +1 212 241 
7467; Fax: +1 212 426 2009; E-mail: helen.phillips@mss- 
m.edu 


77th Clinical and Scientific Congress of the 
International Anesthesia Research Society 


New Orleans Marriott, New Orleans, Louisiana, March 
22-26, 2003 

For further information, please contact: 

International Anesthesia Research Society, 2 Summit Park 
Drive, Suite 140, Cleveland, OH 44131-2553, USA, 
Tel: +1 216 642 1124; Fax: +1 216 642 1127; E-mail: 
iarshq @iars.org; Website: www.jiars.org 


Advances in Anatomy and Clinical 
Examination of the Hand and Wrist 


Genval (Brussels), Belgium, March 28-29, 2003 
Presymposium Hands-on Course of Hand Surgical 
Anatomy, March 27, 2003 

The symposium will promote exchange between scientists 
and clinicians, and will include presentations by invited 
faculty. Participants may submit original papers for a 
limited number of oral presentations, and there will be 
considerable time reserved for discussion. Deadline for 
submission of abstracts: December 31, 2002. 

For further details, please contact: F. Schuind, MD, PhD. 
Department of Orthopaedics, Erasme University Hospital, 
808 route de Lennik, B-1070 Brussels, Belgium. Tel: +32 2 
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555 68 44/36 45; Fax: +32 2 520 35 36; E-mail: Hand. 
congress @ulb.ac.be 


German Congress of Anaesthesiology 2003 
(DAK 2003) 

Miinchen, April 9-13, 2003 

For further information, please contact: 

Medizinisch Congressorganization Nürnberg AG. 

Tel: +49 911 393160; Fax: +49 911 331204 


27th Congress of The Scandinavian Society of 
Anaesthesiology and Intensive Care Medicine 
Helsinki, Finland, August 16-20, 2003 

A biannually arranged Scandinavian congress in one of the 
five Scandinavian countries; language: English. 

For further information please 


H.Rosenberg, Helsinki University 
FIN00029 HUS, Finland. 

E-mail: per.rosenberg @ hus.fi 

Or: CONGREX/Blue & White Conferences Oy 
E-mail: congrex @congrex.fi 

Web address: www.congrex.fi 
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Société Française d’Anesthésie et de 
Réanimation 

Annual congresses will take place in Palais des Congrés, 
Porte Maillot, Paris on the following dates: 

September 18-21, 2003 

September 20-October 3, 2004 

September 29-October 2, 2005 

For further information, please contact: SFAR, 74, rue 
Raynouard, F-75016 Paris, France. Tel: +33 1 45 25 82 25; 
Fax: +33 1 40 50 35 22; E-mail SFAR @invivo.edu 


Dingle 2003—5Sth Current Controversies in 
Anaesthesia and Peri-operative Medicine 
Dingle, County Kerry, Ireland, October 1-5, 2003 
For further information contact: 


Dr Monty Mythen, Director, Centre for Anaesthesia, UCL, 
Room 103, Ist Floor Crosspiece, Middlesex Hospital, 
London, WIT 3AA, London, UK. Fax: +44 (0)20 7580 
6423; E-mail: uch.acru@btinternet.com 


7th Biennial Congress of the Asian and 
Oceanic Society of Regional Anesthesia and 
Pain Medicine 

Bangkok, Thailand, November 5-8, 2003 

A biennial congress with a scientific programme of special 
lectures, symposiums, and workshops on various techni- 
ques of regional anaesthesia and pain medicine. 

For further information, please contact: AOSRA 
Secretariat, 39 Pradipat 10 (Phaholyothin 11) phyathai, 
Bangkok 10400, Thailand. Tel: +66 0 2615 7301; Fax: +66 
0 2615 7309; Mobile: +66 (01) 836 1368: E-mail: 
cdm @cdmthailand.com 

Web address: http://www.cdmthailand.com 


13th World Congress of Anaesthesiologists 


Palais des Congrés de Paris, Paris, France, April 18-23, 
2004 


For further details, please contact the Congress Office at: 
COLLOQUIUM, 12 rue de la Croix Faubin, F-75557 
Paris cedex 11, France. Tel: +33 (0) 1 44 64 15 15, Fax: 
+33 (0) 1 44 64 15 16/17. E-mail: wea2004 @colloquium.fr 
Website: www.wea2004.com 


International Anaesthesia Research Society 
Annual Clinical and Scientific Congresses 


78th Clinical and Scientific Congress of the 
International Anesthesia Research Society, Tampa 
Marriot Waterside Hotel, Tampa, Florida, March 27~ 
31, 2004 


79th Clinical and Scientific Congress of the 
International Anesthesia Research Society, Hilton 
Hawaiian Village, Honolulu, Hawaii, March 11-15, 
2005 


For information please contact: International Anesthesia 
Research Society, 2 Summit Park Drive, Suite 140, 
Cleveland, Ohio 44131-2553, USA. Tel: +1 16 642 1124: 
Fax: +1 216 642 1127; E-mail: iarshq@iars.org; Website: 
www.iars.org 
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Austrian International Congress and Rudolf Kucher Forum 
2nd International Danube Symposium 


Anaesthesia & Intensive Care: Art or Science? 
September 11—13, 2002 Vienna, Austria 


Print copies of the meeting abstracts have been provided for Conference Delegates only. 
However, the abstracts will be available on-line to all BJA subscribers and are also freely 
available to all visitors to the following website from the date of the meeting 
(http://bja.oupjournals.org). 


Print copies may be ordered from the Journals Subscriptions Department 
(Email: jnls.cust.serve @ oup.co.uk; Tel: +44 (0) 1865 353907; Fax: +44 (0) 1865 353485) 
Price £27/US$42 
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Abbreviated version of the International 
summary of product characteristics 


Therapeutic indications* Esmeron is indicated as an adjunct to 
general anesthesia to facilitate tracheal intubation during routine 
and rapid sequence induction,and to provide skeletal muscle 





relaxation during surgery. Esmeron is also indicated as an adjunct 
in the intensive care unit (ICU) to facilitate tracheal intubation and 
mechanical ventilation. Contra-indications: Former anaphylactic 
reactions to rocuronium or to the bromide ion. Special warnings 
and special precautions for use: Since Esmeron causes paralysis of 
the respiratory musdes, ventilatory support is mandatary for 
patients treated with this drug until adequate spontaneous 
respiration is restored. As with all neuromuscular blocking agents, 
it is important to anticipate intubation difficulties, particularly when 
used as part of a rapid sequence induction technique. Although 
very rare, severe anaphylactic reactions to neuromuscular blocking 
agents, including Esmeron, have been reported. These reactions 
have, in some cases, been fatal. Due to the possible severity of 
these reactions, one should always assume that they may occur 
and take the necessary precautions. Dose levels greater than 

0.9 mg rocuronium bromide per kg body weight may increase the 
heart rate; this effect could counteract the bradycardia produced 
by other anesthetic agents or by vagal stimulation. In general, 
following long term use of muscle relaxants in the ICU, prolonged 
paralysis and/or skeletal muscle weakness has been noted. In order 
to help preclude possible prolongation of neuromuscular block 
and/or overdosage it is strongly recommended that neuromuscular 
transmission is monitored throughout the use of muscle relaxants. 
In addition, patients should receive adequate analgesia and 
sedation. Furthermore, muscle relaxants should be titrated to effect 
in the individual patients by or under supervision of experienced 
clinicians who are familiar with their actions and with appropriate 
neuromuscular monitoring techniques. Because Esmeron is always 
used with other agents and because the occurrence of malignant 
hyperthermia during anesthesia is possible, even in the absence of 
known triggering agents, clinicians should be familiar with early 
signs, confirmatory diagnosis and treatment of malignant 
hyperthermia prior to the start of any anesthesia. In animal studies, 
Esmeron was shown not to be a triggering factor for malignant 
hyperthermia. The following conditions may increase the effects of 
Esmeron: Hypokalemia (e.g. after severe vomiting, diarrhea and 
diuretic therapy). hypermagnesemia, hypocalcemia (after massive 
transfusions), hypoproteinemia, dehydration, acidosis, hypercapnia, 
cachexia. Severe electrolyte disturbances, altered blood pH or 
dehydration should therefore be corrected when possible. 

* Therapeutic indications may vary from country to country. 


For full prescribing information see your local package insert. 
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Well its long-lasting volume effect is definitely 
one of them - 100% volume expansion for 4 hours, 
with significant benefit lasting for up to 6 hours.’ 


And then there's its safety profile. 


It has been specifically designed to reduce the risk of 
side effects, particularly effects on clotting, that have 
been associated with gelatins and high molecular 
weight starches.”? 


And its renal elimination profile is higher than that 
of other HES specifications, so consequently tissue 
storage is reduced.* 
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Editorial I 


Intraperitoneal administration of analgesia: is this practice of any utility? 


Local anaesthetic techniques are part of the multimodal 
approach to postoperative pain management.! This involves 
the use of opioids, non-steroidal anti-inflammatory drugs 
(NSAIDs)”, paracetamol? and local anaesthetics.* The 
purpose of this editorial is to review whether or not 
instillation of local anaesthetics into the peritoneal cavity is 
a worthwhile modality in routine clinical practice during 
some intra-abdominal procedures. 

Data from a nationwide survey ın the UK of anaesthesia 
for gynaecological laparoscopy revealed that local anaes- 
thetic solutions are administered commonly, particularly 
into the wound and the peritoneal cavity.” For this type of 
ambulatory surgery and anaesthesia, the main advantage of 
using local anaesthetics is that they do not have the adverse 
effects of opioids, which may delay recovery and discharge 
from hospital. These effects include postoperative nausea, 
sedation,” impairment of return of gastrointestinal motility, 
and pruritis. In addition, time to return of bowel function in 
the postoperative period may be reduced when the use of 
opioids is obviated by administering local anaesthetics.° 

Although NSAIDs provide morphine-sparing effects”, 
they do not appear, on their own, to provide sufficiently 
reliable postoperative analgesia for minimally invasive 
laparoscopic surgery.’ In addition, they have the disadvan- 
tage that they may cause gastric irritation in addition to 
impairing platelet and renal function. In the perioperative 
period, many patients are at risk of these problems because 
of enforced starvation, dehydration and tissue trauma. 
Additional methods of analgesia are thus necessary. 

Local anaesthetics have been administered into the 
peritoneal cavity during minimally invasive procedures, 
such as laparoscopic cholecystectomy and gynaecological 
laparoscopy for sterilization and diagnosis,’ ın addition to 
open abdominal procedures, such as total abdominal 
hysterectomy.* ° !° The rationale for this route of admin- 
istration is that the peritoneum is exposed to block of 
visceral nociceptive conduction, thereby providing an 
additional mechanism of analgesia. However, absorption 
from the large peritoneal surface may also occur, and this 
may be a further mechanism of analgesia. 

It has been shown after radical retropubic prostatectomy 
that i.v. lidocaine 1.5 mg kg™ bolus and 2-3 mg mn! 
infusion reduced morphine consumption and total pain 


scores significantly compared with placebo.® These data are 
supported by a clinical trial in which i.v. lidocaine produced 
a concentration-dependent reduction in pain scores when 
the plasma concentration exceeded 1.5 pg ml!!! In 
addition, it has been shown in rats that administration of 
systemic lidocaine may suppress peripheral ectopic impulse 
discharge’* and inhibit central excitatory responses to 
glutamate.'? With bupivacaine, the range of mean plasma 
concentration (0.92-1.14 yg ml‘) after intraperitoneal 
instillation of plain bupivacaine 100-150 mg!*'® is well 
below the toxic concentration of 3 ug mi~.” Similar 
systemic concentrations have produced neurological symp- 
toms, such as paraesthesia, tingling and perioral numbness, 
in unanaesthetized volunteers during i.v. infusions of 
bupivacaine.!® !° However, it remains unclear whether 
these concentrations produce a measurable postoperative 
analgesic effect. 

Although laparoscopic cholecystectomy is a minimally 
invasive procedure, it is associated with intra-abdominal, 
incisional and shoulder pain after surgery.” Many clinical 
trials have been carried out to assess if intraperitoneal 
instillation of local anaesthetics to the gall bladder bed and 
right subdiaphragmatic space has produced any analgesic 
effect. Of 13 clinical trials in a systemic review® of 
intraperitoneal administration of bupivacaine 50-200 mg 
in volumes of 10-100 ml, significant reduction in overall 
pain occurred in seven trials but not in the other six. In 
addition, supplementary analgesic consumption was re- 
duced significantly in five trials. This systematic review of 
bupivacaine concurs with a subsequent clinical tnal in 
which intraperitoneal lidocaine 200 mg in 200 ml instilled 
under the right diaphragmatic surface increased time to first 
analgesia from 25 to 105 min after laparoscopic cholecys- 
tectomy.”! Interestingly, in a recent study, an intraperitoneal 
combination of local anaesthetic and NSAID was shown to 
be more effective ın reducing pain scores and opioid 
consumption than either placebo or intraperitoneal local 
anaesthetic with i.v. NSAID. Analgesic effects were greater 
in patients who had intraperitoneal Ldocaine 200 mg with 
intraperitoneal tenoxicam 20 mg diluted to 200 ml com- 
pared with either placebo or intraperitoneal lidocaine 
200 mg in 200 ml with i.v. tenoxicam 20 mg.” Thus it 
would appear that, for laparoscopic cholecystectomy, 
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intraperitoneal local anaesthetic solutions produce a modest 
analgesic effect which may not be adequate for routine 
analgesia. 

Clinical trials of intraperitoneal instillation of local 
anaesthetics during gynaecological laparoscopy appear to 
demonstrate more effective analgesia, possibly because this 
operation is less traumatic than laparoscopic cholecystect- 
omy.® In a systematic review of bupivacaine or etidocaine 
dripped onto the Fallopian tubes during laparoscopic 
sterilization under general anaesthesia, pain scores and 
supplementary analgesic consumption were reduced sig- 
nificantly for up to 2 h after surgery. Furthermore, 
intraperitoneal lidocaine, infiltrated into the mesosalpinx 
or into the Fallopian tubes, or coating Filshie slips, produced 
similar analgesic effects. This has been confirmed in awake 
postpartum patients when intraperitoneal 0.5% lidocaine 
80 ml reduced the need for supplementary fentanyl, 
ketamine and rescue general anaesthesia during tubal 
ligation.” In addition, intraperitoneal instillation of ropi- 
vacaine 150 mg dunng gynaecological laparoscopy pro- 
duced a statistically significant 24 h morphine-sparing effect 
compared with placebo.”* 

The intraperitoneal cavity appears also to be an effective 
route for postoperative analgesia after administration of 
local anaesthetic in combination with an opioid. In a clinical 
trial of 100 patients undergoing laparoscopic tubal ligation, 
pain scores at rest and on movement were significantly 
lower in patients who had a combination of intraperitoneal 
meperidine 50 mg and intraperitoneal 0.125% bupivacaine 
80 ml with epinephrine 1:200 000 compared with those who 
had a combination of im. meperidine 50 mg and 
intraperitoneal 0.125% bupivacaine 80 ml with epinephrine 
1:200 000.” 

In summary, it seems that intraperitoneal instillation of 
local anaesthetics is effective for gynaecological laparo- 
scopy but may not be so for laparoscopic cholecystectomy.® 
Laparoscopic cholecystectomy is a longer procedure with 
greater tissue dissection than gynaecological laparoscopy. 
Recent evidence suggests that instillation of local anaes- 
thetics both into the peritoneum and into the incision may be 
required after laparoscopic cholecystectomy. Instillation of 
ropivacaine 286 mg in 66 ml in this way during laparoscopic 
cholecystectomy produced lower pain scores and reduced 
morphine requirements compared with placebo.”° 

While intraperitoneal local anaesthetics have produced 
analgesic effects after gynaecological laparoscopy, they 
have not done so after total abdominal hysterectomy via 
a Pfannenstiel incision.? 1° Intraperitoneal instillation 
of either 0.5% bupivacaine 20 ml with epinephrine 1: 
200 000 diluted to 50 ml with normal saline or 2% lidocaine 
20 ml with epinephrine 1:200 000 diluted to 50 ml with 
normal saline did not demonstrate any opioid-sparing 
effects compared with placebo.’® It is likely that while 
intraperitoneal local anaesthetics may block visceral 
nociceptive conduction after minimally invasive surgery 
such as gynaecological laparoscopy, they do not block 


afferent nociceptive transmission from cutaneous sites. It 
appears that a combination of intraperitoneal and incisional 
administration of local anaesthetics is required after open 
abdominal procedures. Epinephrine 5 ug ml! with 0.25% 
bupivacaine 30 and 20 ml administered into the peritoneum 
and incision respectively produced morphine-sparing anal- 
gesia for 4 h after total abdominal hysterectomy via a 
Pfannenstiel incision.* 

The difference in outcome of studies on intraperitoneal 
instillation of local anaesthetics may result from the type of 
surgery and the location, dose, type and timing of 
instillation. The failure in some studies to show an analgesic 
effect may result from rapid dilution of local anaesthetic in 
the peritoneal cavity.” It is not possible, however, to 
increase the dose of loca] anaesthetic without increasing the 
risk of systemic toxicity. Although potentially more toxic 
than lidocaine, bupivacaine has the advantage that it has a 
longer duration of action. However, in clinical trials the 
analgesic effects of bupivacaine have been short-lived. It 
has been shown in a mouse model that intraperitoneal 
bupivacaine in a liposomal formulation may prolong the 
duration of action and also reduce the possibility of systemic 
toxicity. An alternative is levobupivacaine, the S(-) 
enantiomer of bupivacaine, the analgesic effects and 
duration of which are thought to be similar to those of 
racemic bupivacaine but with a reduced risk of systemic 
toxicity’, thus allowing admunistration of a larger and more 
potent dose. 

The intraperitoneal route of administration of local 
anaesthetic is simple: it does not involve additional central 
neural axial block and is particularly suited to the practice of 
ambulatory anaesthesia. However, for this route to be useful 
as a routine for pain management during all forms of 
minimally invasive surgery, it must not be limited by the 
dose of local anaesthetic. Thus the search goes on for newer, 
less toxic local anaesthetics that have a longer duration of 
action. It is hoped that this development may lead ultimately 
to improvements in convalescence and to a reduction in the 
risk of hospital readmission after minimally invasive 


surgery. 


A. Ng 

G. Smith 

University Department of Anaesthesia, Critical Care & 
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Leicester LE] SWW 

UK 


References 
1 Michalolakcu C, Chung F, Sharma S. Preoperative mulumodal 
analgesia facilitates recovery after ambulatory laparoscopic 
cholecystectomy. Anesth Analg 1996; 82: 44-51 
2 Ng A, Parker J, Toogood L, Cotton BR, Smith G. Does the 
opioid-sparing effect of rectal diclofenac following total 


536 


Editorial H 


abdominal hysterectomy benefit the patient? Br } Anaesth 2002; 
88: 714-15 

3 Montgomery JE, Sutherland CJ, Kestin IG, Sneyd JR. Morphine 
consumption in patients receiving rectal paracetamol and 
diclofenac alone and In combination. Br J Anaesth 1996; 77: 
445-7 

4 Ng A, Swami A, Smith G, Davidson AC, Emembolu J. The 
analgesic effects of intraperitoneal and incisional bupivacaine 
with epinephnine following total abdominal hysterectomy. Anesth 
Analg 2002; 95: 158-62 

5 Simpson RB, Russell D. Anaesthesia for daycase gynaecological 
laparoscopy: a survey of clinical practice in the United Kingdom. 
Anaesthesia 1999; 54; 51-85 

6 Groudine SB, Fisher HAG, Kaufman RP, et al, Intravenous 
lidocaine speeds the return of bowel function, decreases 
postoperative pain and shortens hospital stay in patients 
undergoing radical retropubic prostatectomy. Anesth Analg 
1998; 86: 235-9 

7 Alexander Ji. Pain after laparoscopy. Br { Anaesth 1997; 79: 
369-78 

8 Molniche S, Jorgensen H, Wetterslev J, Berg J. Local anesthetic 
infiltration for postoperative pain rellef after laparoscopy: a 
qualitative and quanttatlve systematic review of intraperitoneal, 
port-site infiltration and mesosalpinx block. Anesth Analg 2000; 
90: 899-912 

9 Williamson KM, Cotton BR, Smith G. Intraperitoneal lignocaine 
for pain relief after total abdominal hysterectomy. Br J Anaesth 
1997; 78: 675-7 

10 Ali PB, Cotton BR, Willamson KM, Smith G. Intraperitoneal 
buprvacaine or lidocaine does not provide analgesia after total 
abdominal hysterectomy. Br J Anaesth 1998; 80; 245-7 

11 Wallace MS, Dyck JB, Rossi SS, Yaksh TL. Computer-controlled 
lidocaine Infusion for the evaluation of neuropathic pain after 
peripheral nerve injury. Pain 1996; 66: 69-77 

12 Devor M, Wall PD, Catalan N. Systemic lidocaine silences 
ectopic neuroma and DRG discharge without blocking nerve 
conduction Pain 1992; 48: 261-8 

13 Biella G, Sotgiu ML Central effects of systemic lidocaine 
mediated by glycine spinal receptors: an iontophoretic study In 
the rat spinal cord. Brain Res 1993; 603: 201-6 

14 Narchi P, Benhamou D, Bouaziz H, Fernandez H, Mazolt JX. 
Serum concentrations of local anaesthetics following 
intraperitoneal administration during laparoscopy. Eur J Clin 
Pharmacol 1992; 42. 223-5 

15 Raetzell M, Maier C, Schroder D, Wulf H. Intraperitoneal 
application of bupivacaine during laparoscopic 
cholecystectomy—risk or benefit? Anesth Analg 1995; 8i: 
967-72 

16 Scheinin B, Kellokumpu |, Lindgren L, Haglund C, Rosenberg PH. 


Effect of intraperitoneal buprvacaine on pain after laparoscopic 
cholecystectomy. Acta Anaesthesiol Scand 1995; 39: 195-8 

17 Llu SS, Hodgson PS. Local anesthetics. In: Baresh PG, Cullen BF, 
Stoelting RK, eds. Clinical Anesthesia. Philadelphia: Lippincott 
Williams and Wilkins, 2001; 449-69 

18 Knudsen K, Suurkula MB, Blomberg S, Sjovall J, Edvardsson 
Central nervous and cardiovascular effects of iv. infuslons of 
ropivacaine, buprvacaine and placebo In volunteers. Br { Anaesth 
1997; 78: 507-14 

19 Scott DB, Lee A, Fagan D, Bowler GMR, Bloomfield P, Lundh R. 
Acute toxicity of ropivacaine compared with that of bupivacaine. 
Anesth Analg 1989; 69: 563-9 

20 Labilla T, Mazoit }X, Paqueron X, Franco D, Benhamou D. The 
clinical efficacy and pharmacokinetics of intraperitoneal 
ropivacaine for laparoscopic cholecystectomy. Anesth Analg 
2002; 94: 100-5 

21 Elhakim M, Elkott M, Ali NM, Tahoun HM. Intraperitoneal 
lidocaine for postoperative pain after laparoscopy. Acta 
Anaesthesiol Scand 2000; 44: 280-4 

22 Elhakim M, Amine H, Kamel S, Saad F. Effects of intraperitoneal 
lidocaine combined with intravenous or intraperitoneal 
tenoxicam on pan relief and bowel recovery after 
laparoscopic cholecystectomy. Acta Anaesthesiol Scand 2000, 
44: 929-33 

23 Visalyaputra S, Lertakyamanee J, Pethpaistt N, Sompralat P, 
Parakkamodom S, Suwanapeum P. Intraperitoneal lidocaine 
decreases Intraoperative pain during postpartum tubal ligation 
Anesth Analg 1999; 88: 1077-88 

24 Goldstein A, Grimault P, Henique A, Keller M, Fortin A, Darai E. 
Preventing postoperative pain by local anesthetic instillation after 
laparoscopic gynecologic surgery: a placebo-controlled 
comparison of bupivacaine and ropivacaine. Anesth Analg 2000; 
91: 403-7 

25 Colbert S, Moran K, O'Hanlon D, et al. An assessment of the 
value of intraperitoneal meperidine for analgesia post- 
laparoscopic tubal ligation. Anesth Analg 2000; 91: 667-70 

26 Bisgaard T, Klarskov B, Kristiansen VB, et al. Multi-regional local 
anaesthetic infiltration during laparoscopic cholecystectomy in 
patients receiving prophylactic mult-modal analgesia: a 
randomized, double-blinded, placebo-controlled study. Anesth 
Analg 1999; 89: 1017-24 

27 Schulte-Stelnbery H, Weninger E, Jokisch D, et al 
Intraperttoneal versus interpleural morphine or buprvacaine 
for paln after laparoscopic cholecystectomy. Anesthesiology 
1995; 82: 634-40 

28 Grant Gj, Vermeulen K, Langerman L, Zakowski M, Turndorf H. 
Prolonged analgesia with liposomal bupivacaine in a mouse 
model. Reg Anesth 1994; 19: 264-9 

29 Foster RH, Markham A. Levobupivacaine. Drugs 2000; 59: 
551-79 


Editorial I 


Should we demand fresh red blood cells for perioperative and critically ill patients? 


Blood transfusion has been practiced for almost 100 yr. This 
life-saving therapy was once regarded as ‘one of the great 
advances in modern medicine’.' Times have changed; there 
are now very real concerns about the safety and efficacy of 
allogeneic stored blood. This shift in opinion has been 


precipitated by the greater awareness of transfusion-trans- 
mitted infections, most notably human immunodeficiency 
virus. More recently, clinical trials and animal experiments 
have raised doubts about the efficacy of transfusion.” * A 
recent editorial in this journal stated that ‘blood transfusion 
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(particularly with old blood) can paradoxically decrease 
microcirculatory oxygen delivery and contribute to tissue 
hypoxia’. 

Such statements need to be supported by sound evidence, 
as they lead us to believe that we should be demanding fresh 
blood for our patients. This is not a new idea, but such a 
change in practice could have crippling consequences for 
the UK’s blood services, which face serious challenges to 
meet demand. To make blood available for essential patient 
needs when supplies are short, storage times need to 
increase rather than decrease. 

Red blood cell (RBC) transfusion, like all therapies, 
carries risks. The risks of receiving a blood transfusion must 
be balanced against the risks of not receiving it. Some of the 
risks of transfusion are well documented and have been 
quantified, such as transfusion reactions and transmission of 
viral infections.” However, the importance of others, such 
as transfusion-related immunosuppression and the effect of 
storage on oxygen transport and delivery capabilities of 
RBCs after transfusion, are poorly understood. Even less 1s 
known about the potential for transmitting variant 
Creutzfeldt Jakob disease (vCJD) via blood transfusion. It 
is these unquantified nsks that usually raise concerns among 
clinicians. 

One of the problems with interpreting the evidence is that 
the properties of red cell concentrates vary greatly. Each 
donor unit contains a different amount of haemoglobin and 
even with national standards and guidelines, differences as a 
result of local variations in processing are inevitable.® In the 
UK, whole blood is collected into citrate-phosphate-dex- 
trose anticoagulant and separated by centrifugation into red 
cell, platelet, and plasma components. The red cells are 
ultimately transferred into a pack containing an additive 
solution and stored at 4 (sD 2)°C. The currently used 
additive solution is a saline-adenine-glucose-mannitol 
(SAGM) solution, which, in the UK, is licensed for the 
storage of RBCs for up to 35 days. Other additive solutions 
are available, some of which, such as Adsol Preservation 
Solutions 1 and 3, are licensed for the storage of RBCs for 
up to 42 days. The collection and storage processes, and the 
regulations governing RBC storage, focus on maintaining 
cell integrity and viability; there are remarkably few studies 
looking at RBC function following transfusion. 

Since 1999, all blood for transfusion in the UK has been 
leucodepleted at the point of initial processing. 
Leucodepletion was introduced in the hope that it would 
reduce the possible risk of vCJD transmission by blood 
transfusion. Secondary benefits of leucodepletion may be a 
reduction in the incidence of other adverse effects such as 
non-haemolytic transfusion reactions, cytomegalovirus 
transmission, alloimmunization, graft-vs-host disease, and 
transfusion-associated immunosuppression. There is also 
some evidence to suggest that white blood cells (WBCs) 
compromise the quality of red cell storage.” 7! It is 
important to appreciate that most published studies of red 
cell transfusion used non-leucodepleted red cells rather than 


the product that we now use in the UK. This includes the 
TRICC study‘ that was discussed in the recent editorial in 
this journal.” The TRICC data suggest equivalent mortality 
with restrictive and liberal transfusion strategies, and 
provide compelling evidence that anaemia is well tolerated 
by most critically ill patients. The data showed a trend 
towards higher mortality in liberally transfused patients, 
particularly if young or less severely ill. 


What evidence is there that the transfusion 
of stored blood has adverse clinical 
consequences? 


There is substantial evidence from in vitro studies docu- 
menting the changes that RBCs undergo during storage (the 
so-called ‘red cell storage lesion’). Red cell adenosine 
triphosphate decreases by 50% during storage and 2,3- 
diphosphoglvcerate (2,3-DPG) is not maintained beyond 10 
days. These changes increase the affinity of haemoglobin 
for oxygen and shift the oxygen dissociation curve 
leftwards. Red cells also undergo marked morphological 
changes during storage. These begin immediately after 
collection and consist largely of echinocytic change (the 
RBCs develop finger-like projections and adopt a spiky 
appearance). This shape change is initially reversible but 
with increasing duranon of storage it becomes permanent as 
the finger-like projections bud off to form microvesicles 
(approximately 25% of membrane phospholipid is lost 
during 42 days of storage). The net effect of these 
morphological changes is a decrease in red cell deform- 
ability. Such observations make it reasonable to suggest that 
transfusing RBCs that are both 2,3-DPG depleted and 
poorly deformable could be ineffective and/or harmful, but 
there is scanty evidence to support this. Animal studies are 
problematic, because interspecies differences in RBC 
metabolism and structure mean that RBCs from different 
species behave differently during storage. For example, a 
much-quoted study found that 28-day-old rat blood failed to 
improve systemic oxygen consumption in rats in contrast to 
fresh rat blood.” Subsequent work has shown that rat RBCs 
deteriorate much more rapidly during storage than human 
RBCs and that after 28 days of storage, only 5% remain 
viable. *? 

Studies in humans attempting to determine the effect of 
blood transfusion on oxygen kinetics have not provided any 
clear answers. A recent review identified 14 studies 
evaluating the ımpact of RBC transfusion on oxygen 
kinetics.” Blood transfusion consistently increased oxygen 
delivery (D02), but oxygen consumption (VO) increased in 
only five of the studies. Several points warrant further 
consideration when interpreting these studies. First, most of 
the studies, including the five that reported an increase, 
calculated Vo, which can introduce mathematical errors that 
erroneously link Do, and Vo2.'* Secondly, the pre-transfu- 
sion haemoglobin concentration in these studies ranged 
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from 8.3 to 11 g dl’, which is high compared with the 
TRICC study. Thirdly, the critical Do, threshold in 
critically ill patients is lower than previously thought, 
such that pathological oxygen supply dependency is not 
present in most clinically resuscitated critically ill patients 
with a haemoglobin concentration greater than 7-8 g di-'.!5 
This questions the rationale for attempting to increase Doz 
by transfusion if haemoglobin concentration 1s above this 
level. 

The data support a restrictive transfusion strategy but do 
not prove that the transfusion of stored RBCs has adverse 
effects or that they lack oxygen-carrying/delivering ability. 
An often-cited study of critically 111 patients found, on 
retrospective analysis, an inverse association between the 
change in gastric intramucosal pH (pHi) and the age of the 
transfused blood.” Patients receiving non-leucodepleted 
blood that had been stored for more than 15 days had a 
decrease in pHi following RBC transfusion, which was 
interpreted as indicating worsening gastric oxygenation. A 
recent prospective, double blind, study randomized stable 
ICU patients to receive fresh (median storage age 2.3 days) 
or ‘stored’ (median storage age 28.2 days) leucodepleted red 
cell concentrates when pre-transfusion haemoglobin con- 
centration was approximately 8 g di!.!® There was no 
change in PCO. gap, pHi or any measured oxygenation 
index following the transfusion of stored red cells. 

There is very little evidence of an association between the 
storage age of transfused blood and patient outcome 
measures, such as morbidity and mortality. A retrospective 
study in patients with severe sepsis found that the duration 
of storage of transfused red cells was independently 
associated with ICU mortality, although the study was 
small (n=31).!7 A retrospective analysis of 268 patients who 
underwent coronary artery bypass graft surgery found a 
positive correlation between the duration of storage of the 
transfused red cells and the development of postoperative 
pneumonia.”® In contrast, a subsequent study, from the same 
group, found no association between the transfusion of ‘old’ 
red cells and increased morbidity in cardiac patients (time to 
extubation, duration of ICU and hospital stay).'? All of these 
studies were retrospective and they were unable to control 
the storage age of the transfused red cells, so that patients 
who received multiple transfusions often received blood of 
markedly different storage ages. In addition, all of these 
studies used non-leucodepleted red cells. To our knowledge, 
there are no published prospective, randomized studies 
comparing outcome when blood of different storage ages is 
administered. A recent randomized controlled trial that 
reduced allogeneic red cell transfusion in cnitically ul 
patients using erythropoietin found no difference in mor- 
tality between the two groups, although the study was not 
powered for this end-point.” 

The best available evidence to date supports the use of a 
restrictive transfusion policy in most critically ill patients. 
Where transfusion is indicated, the clinical evidence to 
support a request for fresh RBCs 1s, however, poor. 


Interpreting the evidence is difficult because the introduc- 
tion of universal leucodepletion has probably changed the 
properties of the current red cell product. One consequence 
of a move to requesting fresh blood for our patients would 
be to increase the risk of critical shortages and, therefore, to 
create new nsks for patients whose management necessi- 
tates transfusion. Such a shift in practice would have to be 
based on sound evidence. This evidence has yet to be 
provided. 
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Background. The filtration performance of breathing system filters can be determined by 
measuring the penetration of sodium chloride particles through the filter media. 


Method. The penetration of sodium chloride particles through 12 breathing system filters was 
measured by two different techniques (using either forward light-scattering laser photometers 
or a neutral hydrogen flame photometer). 


Results. The geometric means of the penetration values for the {2 filters varied from 0.0039% 
to 22.6% and from 0.0004% to 20.6% for the two techniques, respectively. For 10 of the 12 fil- 
ters, with penetration values greater than 0.03%, the penetration values measured by, and the 
repeatability of, the two techniques were similar. The ratio of the penetration values measured 
by the two techniques (calculated from the mean difference in log,o(penetration) between the 
two techniques for these !0 filters) was 0.93 (95% confidence interval 0.38 to 2.30). There is 
therefore only a small difference (at most a factor of about two elther way) between the two 
techniques compared with the thousand-fold range in penetration values of the breathing sys- 
tem filters. For the remaining two filters, penetration values obtained using the flame photo- 
meter were less, and were close to or below the detection threshold of the laser photometer. 


Conclusion. The neutral hydrogen flame photometer provides similar results to the forward 


Comparison of two techniques for measuring penetration of 
sodium chloride particles through breathing system filters 
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The British and European standard for breathing system 
filters, BS EN 13328-1, has been published recently.’ 
Filtration performance ıs determined by measuring the 
penetration of sodium chloride particles through the filter + 
The particles specified in the standard are intended to have a 
size that is the most penetrating for the filter media. The 
aerosol of particles must have a size distribution with a count 
median diameter (CMD) in the range 0.055-0.095 um and a 
geometric SD not exceeding 1.86, so that, assuming a 
lognormal distribution, 95% of the particles have a diameter 
between 0.022 and 0.26 um. The total challenge must be in 
the range 0.1-0.3 mg. The terms used to define particle sizes 
are described in the Appendix. 

An example of test equipment suitable for measuring 
filtration performance is given ın the standard (Model AFT 


8130, TSI Inc., St Paul, USA). The filtration performance of 
33 breathing system filters has been measured using this 
equipment” That study showed that penetration differed 
between the two types of filter (pleated hydrophobic and 
electrostatic), and demonstrated that penetration was less for 
filters with larger surface areas.? However, it was not clear 
whether the penetration values obtained applied only to the 
particular test equipment used in the study. 


* Declaration of terest. The author ıs funded by the Medical Devices 
Agency Manufacturers of some of the devices tested in this article 
have provided travel and subsistence expenses to visit theu factones 
The Department of Anaesthetics and Intensive Care Medicine. 
University of Wales College of Medicine, undertakes commercial 
testing of some of these products 
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Table 1 The twelve breathing system filters used dung this study 








Filter Manufacturer Address 
Pleated hydrophobic 
BB22-15 Pall Medical Limited Portsmouth, UK 
BB25 Pall Medical Limited Portsmouth, UK 
HEPA filter/HME Cory Bros Lumited London, UK 
Sterivent Mini DAR SpA Mirandola, Italy 
Thermovent HEPA Portex Limited Hythe, UK 
‘Thermovent HEPA+ Portex Limited Hythe, UK 
Electrostatic 
Clear-Therm Intersurgical Limited Wokingham, UK 
Filta-Therm Intersurgical Limited Wokingham, UK 
Filtervent Cory Bros Limited London, UK 
Humid-Vent Filter Compact Lows Gibeck AB Upplands-Vasby, 
Sweden 
Humid-Vent Filter Light Louis Gibeck AB Upplands-Vasby, 
Sweden 
Hygrobac $ DAR SpA Mirandola, Italy 





Other test equipment is available for measuring the 
penetration of sodium chloride particles through filter 
media. In particular, a test rig is available (‘Moore’s’ Test 
Rig (CEN Bench Rig), SFP Services, Christchurch, UK) 
which was designed to measure the filtration performance of 
respiratory protective devices to the British and European 
standard, BS EN 143. This test rig may also be suitable for 
determining the filtration performance of breathing system 
filters, although the aerosol generators and the detection 
systems used to determine the penetration of sodium 
chloride particles are different in the two test rigs. New 
measurements on 12 filters by this alternative test rig were 
compared with previous measurements on the same 12 
filters obtained using the TSI test equipment. This was 
carried out to determine whether the penetration of sodium 
chloride particles through filters measured by the two 
techniques is similar, provided the flow of air used is the 
same for both. 


Methods 


In the previous study,” the penetration of sodium chloride 
particles through five samples each of 33 different breathing 
system filters was measured using the example of suitable 
test equipment given in the European standard (Model AFT 
8130, TSI Inc., St Paul, USA). This equipment generates an 
aerosol of sodium chloride particles with a size distribution 
complying with the standard, having a CMD of 0.07 um, a 
geometric SD not exceeding 1.83, and with a mass concen- 
tration of 15 mg m”. The penetration values were obtained 
using a flow of air of 30 litre min” and each test lasted 26 s, 
so that the total challenge for each filter was 0.2 mg. The 
penetration of the particles through the filter was measured 
with two forward light-scattering photometers measuring 
the mass concentration of particles in the challenge and 
downstream of the filter. That test rig has a sensitivity of 
0.001% penetration, and can measure penetration values up 
to 100%. 


In the present study, the penetration of sodium chloride 
particles through five unused samples each of 12 of the 
different filters used in the previous study (Table 1) was 
measured using a second test rig (“Moore’s’ Test Rig (CEN 
Bench Rig), SFP Services, Christchurch, UK). The filters 
consisted of six pleated hydrophobic and six electrostatic 
filters, and covered the range of penetration values obtained 
during the previous study.” This test rig was designed to 
measure the performance of respiratory protective devices 
to the British and European standard, BS EN 143.2 A 
Collison nebulizer generated sodium chloride particles from 
a 1% w/w sodium chloride solution. According to the 
manufacturer’s specification, the diameter of the particles 
measured using the longest diagonal vaned from 0.04 to 
1.2 um, with a mass median diameter of 0.6 um. The mass 
median aerodynamic diameter is 0.4 um with a mass 
concentration of perticles of 13 mg m”. The penetration of 
the particles through the filter media was measured using a 
neutral hydrogen flame photometer. The intensity of the 
flame is proportional to the mass of sodium in the sample. 
The flame was viewed through a narrow-band interference 
filter with a half-peak bandwidth of 3 nm at 589.3 nm. 
Neutral density filters were used to prevent the light 
transmission flooding the photomultiplier. The minimum 
detectable penetration was 0.000005%. Penetration was 
again measured with a flow of 30 litre min‘ of ar passing 
through the filter under test. The output from the photo- 
multiplier was displayed on an analog meter, and the 
reading was recorded within 30 s of initiating flow through 
the filter. The penetration (%) was calculated from tables 
provided by the manufacturer (SFP Services), taking into 
account the neutral density filter that was used. 


Statistical analysis 


The two methods of measurement were compared using the 
method described by Bland and Altman.* A comparison of 
the two methods can be made, provided the repeatability of 
the methods is similar. The repeatability of a method is 
usually assessed by calculating the variance of repeated 
measurements made on a single subject. However, it is 
known that challenging a filter with sodium chloride 
particles affects subsequent measurements of penetration.” 
Therefore, in this study, the variance of each technique was 
calculated from the results of one challenge on each of five 
samples of each different filter tested. 

Logo(penetration) values were used for analysis because, 
with the large range in penetration values obtained, this led 
to more consistent variances over the range of penetration. 
The variances of the log;o(penetration) values of each filter 
measured by each of the two techniques were calculated. 
The variances of the log;o(penetration) values from the two 
techniques of measurement were compared using the paired 
t-test (StatView 5, SAS Institute Inc., SAS Campus Drive, 
Cary, USA). The null hypothesis was that there is no 
difference between the variances for the two techniques. If 
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the hypothesis was correct, the comparison of the two 
techniques could then be made. 

The mean log;o(penetration) for each filter measured by 
each technique was calculated. The difference between the 
two means for each filter was plotted against the average of 
the two (Fig. 1). The mean difference (d) and the standard 
deviation (Sp) of the differences between the two techniques 
were calculated. When repeated measurements are made, 
the limits of agreement are wider than those given by 
d*+1.96Sp, because the averaging of the repeated measure- 
ments has removed some of the random error associated 
with each individual measurement.‘ The corrected standard 
deviation of the differences, Sc, is V(Sp’+4s,+4sp”), where 
Sa and Sg are the standard deviations for the two different 
methods A and B.* S4 and Sp were taken to be the square 
root of the mean of the variances of log; o(penetration) for 
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Fig 1 Difference against mean for the mean logo(penetration) values 
obtained from the two techniques for the 12 filters The limits of 
agreement were obtained by omitung from the calculations two filters 
with mean logio(penetration) values less than -2 (equivalent to a 
penetration of 001%, or an efficiency of 99 99%) The 95% CI for the 
difference and mean for each filter are shown 


each method. The limits of agreement are then d+1.965c. 
This gives the limits of agreement for a pair of single 
measurements on a given filter by the two techniques. 

If the variances of the two techniques are simular, the 
variances can be pooled and an estimate can be calculated of 
the error associated with the difference between, and the 
mean of, the log9(penetration) values for each filter. The 
pooled standard deviation, Sp, is V((Sq?+Sp*)/2), and the 
standard error of the mean of any five measurements, SE, is 
sp/V5. The errors associated with the difference between, 
and the mean of, the values for each filter from the two 
techniques are sEV2 and sE/V2, respectively. The 95% 
confidence intervals (CI) for the difference and the mean for 
each filter are then +tsEV2 and +tse/V2, respectively. 


Results 


The geometric means of the penetration values for the 12 
filters varied from 0.0004% to 20.6% for the SFP test ng, 
and from 0.004% to 22.6% for the TSI test rig. The pleated 
hydrophobic filters have smaller penetration values than the 
electrostatic filters (Table 2). The penetration of one sample 
of one filter was 0% on the TSI rig. A value of 0.0005% 
(half the limit of sensitivity of 0.001% for the TSI ng) was 
used when taking logs in the analysis The highest 
penetration measured was 27.3%. 

The means of the variances of the log;o(penetration) 
values obtained from the SFP and TSI test ngs were 0 020 
and 0.062, respectively. The paired t-test did not demon- 
strate a significant difference between the pairs of variances 
of the logio(penetration) values for each filter obtained by 
the two techniques (mean difference was —0.041, 95% CI 
-0.099 to 0.016, P=0.14). Therefore, the results are 
consistent with the hypothesis that the variances (and 
hence the repeatabilities) of the two techniques are the 
same. 


Table 2 Geometric mean penetration values through the twelve breathing system filters for each technique (SFP and TSH, with values of variance 


{log ;o(penetration)] for each filter 
Filter 


Penetration (%) (geomean, n=5) Variance [log;o{penetration)] Difference 
SFP TSI SFP TSI 
Pleated hydrophobic 
BB22-15 0020 0019 00158 0 0092 —0 0066 
BB25 0 082 0 056 0 0056 0 0014 —0 0042 
HEPA filter/HME 0.044 0 087 0.0675 0 3290 02615 
Sterivent Mini 0 859 0973 0 0026 0.0032 0 0006 
Thermovent HEPA 0 0021 0015 00113 00394 0 0280 
Thermovent HEPA+ 0.0004 0 0039 0.0953 0 2962 0 2009 
Electrostatic 
Clear-Therm 336 2 85 0 0033 0 0039 0 0006 
Filta-Therm 0490 0.275 0 0041 0 0034 -0 0006 
Filtervent 541 817 0 0258 00151 -0 0107 
Humid-Vent Filter Compact 618 8 54 0 0048 00310 0 0263 
Hunud-Veat Filter Light 20.6 226 0 0040 0 0039 -0 0001 
Hygrobac S 927 1144 0 0046 0 0056 00010 
Mean 0 0204 0 0618 00414 
Mean without Thermovent HEPA and HEPA+ 0.0138 0 0406 0 0268 
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Table 3 Log;o(penctration) values through the twelve breathing system filters for each technique (SFP and TSI), with mean and difference for each filter 


Filter logo(penetration) (%) (mean, r=S) Mean Difference 
SFP TSI 

Pleated hydrophobic 
BB22-15 ~1 697 -1 720 —1 709 0 023 
BB25 —1 088 -1 252 -1 170 0 163 
HEPA filter/HME ~1 357 -1 061 —1 209 -0 295 
Sterivent Mını ~D 066 -0 012 0.039 —0 054 
Thermovent HEPA ~2 690 —1 837 -2 263 0.853 
Thermovent HEPA+ -3 370 -2.409 -2.890 0.961 

Electrostatic 
Clear-Therm 0 526 0.455 0491 0070 
Filta-Therm -0310 -0 562 —0 435 0250 
Filtervent 0 733 0912 0.823 —0 179 
Humud-Vent Filter Compact 0791 0931 0.861 -0.140 
Humid-Vent Filter Light 1314 1355 1.335 —0 040 
Hygrobac S $ 0 967 1053 1013 —0 091 

Mean 0.176 

Mean without Thermovent HEPA and HEPA+ ° —0 0294 





The plot of difference against mean of log;o(penetration) 
for the two techniques showed that there were two obvious 
outliers, with the penetration values measured by the SFP 
test rig less than those measured by the TSI equipment 
(Fig. 1). All 20 measurements of penetration for these two 
filters by the two techniques were less than 0.03%, giving a 
filtration efficiency of greater than 99.97% for both filters. A 
filter with a filtration efficiency greater than 99.97% is the 
highest category according to the National Institute for 
Occupational Safety and Health (NIOSH) standard for 
respiratory protective devices.’ Both techniques placed the 
two filters into this category, but the difference between 
the techniques for these two filters skewed the analysis of 
the comparison. The penetration values were also close to 
the limit of sensitivity of the TSI test equipment (0.001%). 
These filters were therefore removed from the following 
analysis, and the calculations on the difference between the 
two techniques were made on the results from the remaining 
10 filters. 

The two methods of measurement were compared using 
the method reported by Bland and Altman,* described 
briefly above. The mean difference in log;o(penetration) 
between the two techniques was —0.0294 (Table 3). The 
standard deviation of the differences between the means of 
log;o(penetration) values measured by the two techniques 
(Sp) was 0.162. The standard deviation from the SFP rig, Sa, 
was 0.117 and from the TSI ng, Sp, was 0.201, giving the 
corrected standard deviation from which to calculate the 
limits of agreement, Sc, as 0.20. The limits of agreement 
were therefore -0.42 and 0.36. The antilog of the mean 
difference was 0.93, and antilogs of the limits of agreement 
gave 0.38 and 2.30. Therefore, on average, the SFP 
technique gave penetration values 0.93 times that of the 
TSI technique, although the ratio between a pair of single 
measurements by the two methods on any given filter may 
be as little as 0.4 or as much as 2.3. 


The pooled sp was 0.165, giving an SE of 0.074 from 
which to calculate the 95% CI associated with the difference 
between and the mean of the log;o(penetration) values from 
the two techniques. 


Discussion 

The penetration values measured on 10 filters by the two 
techniques showed good agreement over the range of 
penetration values from 0.03% to about 25%, corresponding 
to filtration efficiencies of 99.97% to 75%. Although the 
penetration values measured by the SFP technique may be 
from 0.4 to 2.3 times that of the TSI technique, this is a 
small difference compared with the thousand-fold range 
from the worst to the best filter performance. The TSI 
equipment is given in the standard for breathing system 
filters as an example of test equipment suited to measure- 
ment of penetration values. From the present study, the SFP 
test equipment can also be used, as it will provide similar 
results, and will also provide greater sensitivity when 
measuring ‘the penetration of sodium chloride particles 
through filters with low penetration values. 

The TSI equipment measures the light scattered by any 
particle in the air. Particles released by the breathing system 
filter itself cculd be counted as ‘penetration’ particles. 
Hygroscopic salts added to the heat and moisture exchanger 
layer in the filter may be released during the test, causing an 
apparent, but incorrect, increase in the penetration value. 
However, the flame photometer only measures particles 
containing sodium, and, as there was good agreement 
between the two techniques, the error associated with the 
release of particles from the filters must be small. 

The penetration of particles though a filter depends on, 
amongst other factors, the size of the particles in the 
challenge. The size distribution of particles used to 
challenge the filter is specified in the standard to have a 
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CMD of 0.075 (sp 0.020) um ‘and a geometric sD not 
exceeding 1.86. Particles with different diameters penetrate 
through filter media with varying efficiencies. Particles that 
are the most penetrating have a diameter in the range 
0.05-0.5 pm.® The most penetrating particle size depends 
on the face velocity (volume flow rate of air per unit area of 
filter media), the diameter of the fibre and the packing 
density of the fibres.® Therefore, the size of the most 
penetrating particle will vary for different filters. 

The TSI equipment complies with the requirement of the 
standard, generating an aerosol of sodium chloride particles 
with a CMD of 0.07 um and a geometric sD not exceeding 
1.83. SFP claims that its test equipment generates an aerosol 
of sodium chloride particles with a range of particle size of 
0.04—1.2 um when measured using the longest diagonal, and 
a mass median aerodynamic diameter of 0.4 um. However, 
an aerosol of particles with a CMD of 0.07 um and a 
geometric sp of 1.83 has a mass median aerodynamic 
diameter of 0.34 um (see Appendix). Therefore, from 
theory, the two techniques should provide nearly the same 
results if the total challenge is similar (product of mass 
concentration and time). In the present study this was so, 
over the range of penetration values 0.03-25%. 
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Appendix 
Particle size terminology 


Count median diameter (CMD) 
The size of aerosol particles can be stated in a number of 
different ways. The physical diameter is given for particles 
in the standard for breathing system filters.’ Assuming that 
the distribution of the particle sizes can be described by the 
lognormal distribution, the size distribution is stated in 
terms of the CMD and the geometric sp (6,). The CMD is 
the diameter for which 50% of the particles have a diameter 
larger and 50% have a diameter smaller than this value. 6, is 
given by: 

Ino; = {27 (In d, — In d,)"(N - 1)}°° 
where d, is the diameter of the ith particle, dọ is the 
geometric mean diameter (which equals CMD for a 
lognormal distribution), n, is the number of particles in the 
ith group, and N is the total number of particles. For the 
lognormal distribution, 95% of the particles lie between 
CMD-~o,” and CMDxo,?. 


The mass median diameter (MMD) 

The MMD is the diameter for which 50% of the total mass 
of the particles is contributed by particles with a diameter 
larger and 50% by particles with a diameter smaller than this 
value. The MMD can be obtained from the CMD from the 
following Hatch—Choate equation.® 


MMD = CMD exp 3 (Ino)? 


The aerodynamic diameter 

An alternative approach is to quote the diameter of the 
particle in aerodynamic terms, that is, an equivalent 
diameter so that, regardless of the density or shape of the 
patticle, all particles with the same aerodynamic diameter 
will behave in the same way, for example, by having the 
same terminal velocity under gravity in air. 

The aerodynamic diameter, d,, of a single spherical 
sodium oe particle with a physical diameter, dp, is 
given by: 

d, = dpl Ce (dp) ! Ce (da)? {Pp / Do” (1) 
where po is the standard density (1000 kg m°), Pp is the 
density of the particle (2165 kg m° for sodium chloride) 
and C, is the Cunningham (slip) correction factor, a factor 
that has to be included when the size of the particle is close 
to the mean free path of the air molecules. C, is given by:® 


Ce = 1 + (A /d) {2.34 + 1.05 exp(-0.39 d/A)} 


where d is the diameter of the particle (um), and A 1s the 
mean free path of the air molecules, which is 0.0665 um at 
20°C and 101.3 kPa. 

Since the aerodynamic diameter, d,, occurs on both sides 
of equation (1), it needs to be calculated iteratively. A shape 
factor has to be included for particles that are not spherical.® 


Example 

If CMD=0.07 um and 6,=1.83, then 95% of the particles lie 
between 0.021 and 0.23 um. The equivalent MMD=0.21 ym 
and the mass median aerodynamic diameter is 0.34 um. 
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Xenon has no effect on cytokine balance and adhesion molecule 
expression within an isolated cardiopulmonary bypass system"? 
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Background. Although almost inert chemically, xenon is not unreactive biologically. It inter- 
acts with receptors involved In the expression of cytokines and adhesion molecules. The effect 
of xenon on the immune function In whole blood has not been studied. 


Methods. We examined the effects of 70% xenon in oxygen on cytokine balance and expres- 
sion of adhesion molecules in an isolated cardiopulmonary bypass (CPB) system, which simu- 
lates an evolving inflammatory response. Whole blood from 10 healthy male volunteers was 
circulated in a CBP system supplied with either 70% xenon in oxygen, or oxygen-enriched alr — 
Fo=0.3 (control). We took samples of blood after 30, 60 and 90 min of simulated CBP. We 
measured interleukin (IL)-18, tumour necrosis factor (TNF)q, IL-8, IL-10, IL-lra and TNF-sr-2 
levels, and the expression of HLA-DR and the adhesion molecules L-selectin, CD18 and 
CDI 1b on monocytes, granulocytes and lymphocytes. 


Results. IL-8 concentrations were increased significantly, TNF-sr-2 concentrations decreased 
significantly and IL-10 levels decreased during bypass. There were no significdnt differences 
between the groups for any measured variable. 


Conclusion. In an Isolated CPB system, xenon and oxygen-enriched air had similar effects on 


cytokine production and expression of adhesion molecules. 


Br J Anaesth 2002; 88: 546-50 
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molecules; surgery, cardiopulmonary bypass 
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Xenon is an inert gas with potent anaesthetic and analgesic 
properties which could replace nitrous oxide. It acts on the 
N-methyl-D-aspartate (NMDA) receptor’ and interferes 
with intracellular calcium homeostasis.2* Because both 
these mechanisms are involved in cytokine and adhesion 
molecule expression, it is possible that xenon could modify 
the normal human immune response to inflammation. 

Extracorporeal cardiopulmonary bypass (CPB) stimu- 
lates an intense, progressive inflammatory response 
which includes complement activation, increased adhe- 
sion molecule expression and an increase in the plasma 
concentrations of pro-inflammatory cytokines. We have 
used this isolated CBP model to study the effects of 
various anaesthetic medications on the human immune 
system.* 


Because the effects of xenon on immune function are not 
known, we used the same CPB system to compare the 
effects of 70% xenon in 30% oxygen with oxygen-enriched 
air (FO,=0.3) on the production of L-selectin, HLA-DR, 
CD18, CD11b, interleukin (IL)-1B, tumour necrosis factor 
(TNF)a, IL-8, IL-10, IL-1ra and TNF-sr-2 during 90 min of 
simulated CPB. 
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Effect of xenon on immune function in simulated cardiopulmonary bypass 


Methods 


After obtaining local research ethics committee approval 
and written informed consent, 10 healthy male volunteers, 
who were not receiving any medication and had refrained 
from alcohol and caffeine for 24 h, each donated two 250-ml 
samples of blood into standard blood donation bags 
containing SAG-M anticoagulant. Heparin (1000 IU) was 
added to each bag. The donated blood was immediately 
circulated in one of two identical CPB circuits each primed 
with 270 ml Hartmann’s solution. A trained perfusionist 
commenced simulated bypass at 37°C. Flow through the 
bypass apparatus was maintained at 2.5 litre min’. The 
membrane oxygenator of each bypass apparatus was then 
supplied with either 70% xenon in 30% oxygen, or oxygen- 
enriched ar (FO2=0.3). Each membrane oxygenator was 
also supplied with carbon dioxide using a calibrated 
flowmeter, as required, to maintain the partial pressure of 
carbon dioxide within the blood between 4 and 6 kPa. The 
fractions of gas delivered to each membrane oxygenator 
were monitored using a Capnomac Ultima (Datex 
Engstrom, Helsinki, Finland) and the xenon concentration 
was monitored using a thermal conductivity meter cali- 
brated for the measurement of xenon in oxygen (Bedfont 
Scientific, Rochester, UK). 

A 10-ml sample of blood was taken from each bag after 
donation (time 0) and from each membrane oxygenator at 
30, 60 and 90 min. Samples were processed immediately. 
Four 0.1-ml aliquots of whole blood were stained using 
monoclonal antibodies for CD18, CD11b (Flow Cytometry 
Primary Antibodies and Conjugates, Dako Ltd, Denmark), 
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L-selectin, HLA-DR and mouse IgG [control] (Becton, 
Dickinson and Company, NJ, USA). The whole blood was 
then lysed to remove the red cells, thus permitting the 
expression of surface markers on white blood cells to be 
determined using flow cytometry. Quantification of the 
adhesion molecules was carried out immediately after 
acquisition and processing of the samples, by a laboratory 
technician skilled in this field. Flow cytometric analyses 
were performed on an EPICS ELITE instrument (Coulter 
Electronics Ltd, Luton, UK). This instrument was calibrated 
before each series of analyses by a technician trained ın this 
method, using Immno-Check alignment fluorospheres 
(Coulter Corporation, Hialah, FL, USA). Two thousand 
cells were analysed and displayed as dot histograms for each 
assay. Following subtraction of the background staining 
from the control samples, the percent positivity and mean 
channel fluorescence (MCF) intensity of the respective cell 
populations was determined. 

At the same time, the second 250-ml sample of blood was 
centrifuged to separate the plasma, which was aliquoted and 
stored at -70°C for future analysis of the pro-inflammatory 
cytokines IL1-B, TNFa, IL-8 and the anti-inflammatory 
cytokines IL-10, L-ira and TNF-sr-2. A commercially 
available enzyme-linked immunoabsorbent assay (ELISA) 
(Quantikine™, R&D Systems, Abingdon, UK) was used for 
all cytokine assays. 


Statistical analysis 


The normality of the data was inspected and subsequent 
statistical analyses were performed using GraphPad Prism™ 
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Fig 1 The mean channel fluorescence (MCF), expressed as linear units, of monocyte HLA-Dr, CD18, CD11b and L-selectin in donor blood at baseline 
{tıme 0) and after 30, 60 and 90 min of isolated CPB with xenon in oxygen, and with oxygen-ennched air (control) The error bars represent 1 sD 
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Fig 2 The mean channel fluorescence (MCF), expressed as linear units, of granulocyte HLA-Dr, CD18, CD11b and L-selectin in donor blood at 


baseline (tıme 0) and after 30, 60 and 90 min of isolated CPB with xenon m oxygen, and with oxygen-ennched air (contro!) The error bars represent 
L Spb. 
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Fig 3 The mean channel fluorescence (MCF), expressed as linear units, of lymphocyte HLA-Dr, CD18, CDIi1b and L-selectin in donor blood at 
baseline (ume 0) and after 30, 60 and 90 min of 1solated CPBwith xenon in oxygen, and with oxygen-ennched air (control) The error bars represent 1 
SD. Significant differences from tume 0: **P<0.01; ***P<0.001 


version 3.0. Adhesion molecule expression and cytokine correction. The number of bypass experiments done was 
data were normally distributed and were analysed using based on a previous similar study’ in which 10 bypass 
repeated measures ANOVA and Bonferroni’s post-test experiments were needed to show a difference in IL-8 levels 
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Fig 4 Plasma IL-8, TNF-sr-2, and IL-10 levels (pg ml”) at baseline 
(ume 0) and after 30, 60 and 90 min of isolated CPB with xenon in 
oxygen, and with oxygen-ennched air (control). The error bars represent 
1 SD Significant differences from nme 0 *P<005; **P<0.01, 
***P<O 001 


of 16 pg mI” after 90 min (power of 90%, œ=0.05). P<0.05 
was considered statistically significant. 


Results 


Leucocyte adhesion molecule expression (HLA-DR, L- 
selectin, CD18 and CD11b), expressed as the MCF intensity 
in linear units, before and during simulated CPB is shown 
for monocytes, granulocytes and lymphocytes ın Figures 
1-3, respectively There were significant reductions in 
lymphocyte CD18 and CD11b in both groups during 
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Fig 5 Plasma IL-ira, 0-1B, and TNFa levels (pg mI!) at baseline (tame 
0) and after 30, 60 and 90 min of isolated CPB with xenon in oxygen 
and with oxygen-ennched air (control) The error bars represent | SD 


simulated bypass. The expression of HLA-DR ın granulo- 
cytes increased from baseline in both groups by 90 min of 
bypass, significantly so (P<0.05) in the xenon group, but 
there were no between-group differences at any time point. 

The effect of xenon on the pro-inflammatory cytokines 
IL-1B, TNFa, IL-8 and the anti-inflammatory cytokines IL- 
10, IL-lra and TNF-sr-2 is shown in Figures 4 and 5, 
respectively. Compared with baseline, in both groups, at 90 
mın, IL-8 concentrations were significantly elevated (two 
samples were excluded from statistical analysis because of a 
technical error), TNF-sr-2 concentrations were significantly 
reduced after the start of simulated bypass and IL-10 levels 
decreased in both groups during bypass IL-lra was 
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unchanged in both groups during bypass compared with 
baseline. IL-16 concentrations also showed no within- or 
tetween-group differences. TNFa levels decreased after the 
start of bypass to below the limit of the assay. There were no 
significant differences between the groups for any variable. 
Qualitative observation during flow cytometry showed a 
transient reduction in monocytes only, which recovered by 
90 min. This was observed in four of the 10 xenon regimens 
and in five of the 10 control regimens. In all others the cell 
numbers did not change. 


Discussion 

During CPB, rapid changes in plasma cytokine concentra- 
tions and circulating lymphocyte populations occur. These 
changes may be affected by pharmacological interventions 
and anaesthesia. The exact mechanisms and clinical 
significance of the immunomodulatory changes during CPB 
are not fully understood. During in vivo cardiac surgery, 
blood sampling alone may not be a satisfactory way to 
evaluate the immunomodulatory effect of any drug. It is 
known that bone marrow changes during CPB are reciprocal 
to the blood changes, suggesting that the T cells have gone 
out of the blood system to the marrow and possibly the 
lymphatic system.’ Thus, blood changes may not indicate 
immunosuppression but rather an appropriate immunologi- 
cal response. For example, many cytokines that increase 
with CPB can up-regulate expression of high endothelial 
venule adhesion molecule, a mechanism of translocation of 
leucocytes from the vascular to the lymphatic compart- 
ments.°? Leucocytes affected by the drug under investiga- 
tion could migrate out of the circulation and escape 
detection by blood sampling. 

One method of overcoming this difficulty is with the 
isolated CPB model, which has several advantages over 
in vivo blood sampling. Firstly, using the CPB model, 
changes to leucocyte sub-populations or surface markers 
reflect changes within the total leucocyte population in the 
donor blood sample, except for leucocytes which have been 
lysed during the CPB process or have adhered to the plastic 
surface. In other words, in the isolated CPB model, 
functional leucocytes have no hiding place from the 
investigator. 

Secondly, this system simulates several elements of an 
evolving inflammatory response (complement fixation and 
IL-8 production as well as up-regulation of leucocyte 
adhesion molecule). Some extrapolation between these 
in vitro results and clinical effect may be made. In the 
isolated bypass system, methylprednisolone, a known 
immunosuppressant, causes an approximately fourfold 
decrease in plasma IL-8 levels.° Jn vivo, a sixfold reduction 
in IL-8 was found at a similar time point.!° This difference 
in magnitude of response between the in vitro and in vivo 


situations may be partly explained by the lack of anti- 
inflammatory response generated by this isolated bypass 
system. 

We did not find significant immunomodulatory effects of 
xenon in the isolated CPB system. There were no significant 
between-group differences in HLA-DR or the adhesion 
molecules, and there were no between-group differences for 
any cytokine values. The fact that IL-8 concentrations 
increased significantly from baseline in both groups by 
90 min of isolated CPB. and IL-10 and TNF-sr-2 levels 
decreased in both groups after 15 min of simulated bypass 
supports our previous descriptions of the inflammatory 
response in this model and shows an inflammatory chal- 
lenge. The adhesion molecule L-selectin is decreased in all 
cell lines in the xenon regimen compared with the control 
regimen. This did not achieve statistical significance at any 
point but is a trend that merits further investigation. 

Our results suggest that, as far as immunomodulation is 
concerned, xenon appears as safe as oxygen-enriched air. 
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Background. A practical and reliable monitor of depth of anaesthesia would be a major 
advance on current clinical practice. None of the present monitors is both simple to use and 
accurate. Ocular microtremor (OMT) is a physiological tremor that is suppressed by propofol 
in a dose-dependent manner. We studied OMT during propofol induction and nitrous oxide- 
oxygen-sevoflurane maintenance of anaesthesia in 30 patients, and compared OMT with the 
bispectral index (BIS) as a predictor of response to verbal command. 


Methods. OMT was measured using the closed-eye piezoelectric strain-gauge technique. 
OMT and BIS were measured at specific times during the anaesthetic, including at loss of con- 
sciousness, at end-tidal sevoflurane | and 2%, and at emergence. 


Results. OMT decreased significantly after induction, did not decrease as end-tidal sevoflurane 
was increased from | to 2%, and increased at emergence in all patients. By logistic regression, 
OMT was more sensitive and specific than BIS in distinguishing the awake from the anaesthe- 
tized state (OMT, 84.9 and 93.1% respectively; BIS, 75.7 and 69.0%). 


Conclusions. OMT ts suppressed by sevoflurane and accurately predicts response to verbal 
command. OMT may be a useful monitor of depth of hypnosis. 


Br J Anaesth 2002; 89; 551-5 


Keywords: anaesthesia, depth; anaesthetics volatile, sevoflurane; eye, ocular microtremor; 


monitoring, bispectral index 


Accepted for publication: May 22, 2002 


Current estimation of intraoperative depth of anaesthesia is 
an inexact science. Autonomic activity (heart rate, sweating, 
lacrimation) and movement to incision are commonly used 
as indicators of inadequate anaesthesia. However these 
clinical signs do not predict depth of sedation.’ Whilst the 
electroencephalogram (EEG) may be the most accurate 
monitor of deep sedation, subtle changes may be difficult to 
detect and may be non-specific, affected by factors such as 
temperature, arterial carbon dioxide (Paco,) and electrolyte 
fluctuations. Additional EEG-based technologies, including 
spectral edge frequency and the bispectral index (BIS), have 
been developed but have not demonstrated the accuracy and 
ease of use required to gain widespread acceptance. At least 
part of the difficulty likely is that monitors may measure 
only one of several components of anaesthesia, such as level 
of sedation or responsiveness to noxious stimuli. The BIS 
has been consistently reported to be a good general measure 
of sedation,” ? and whilst the manufacturer of the BIS 


monitor makes no claim about BIS as an overall measure of 
anaesthetic depth, it ıs used for this purpose by many 
practitioners. However, there are concerns that BIS record- 
ings may be affected by specific drugs in contradictory and 
unpredictable ways,* Š so that individual patients may risk 
awareness at BIS levels lower than any defined threshold of 
unconsciousness.° These and other concerns have stimu- 
lated the continued search for alternative monitors. 
High-frequency eye tremor, or ocular microtremor 
(OMT), is a physiological tremor of the eye present ın all 
subjects and is related to tonic activity in brainstem 
oculomotor neurones.’ First described by Alder and 
Fhegelman in 1934,® this phenomenon attracted scant 
attention for several decades. More recently it has been 
shown that the frequency of OMT in patients with head 
injury correlates with the level of consciousness.’ Coakley 
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end colleagues studied the effects of anaesthesia on OMT, 
which was suppressed by thiopentone.’° In a recent study’! 
propofol caused dose-dependent suppression of OMT, 
suggesting that OMT may indicate the cerebral effect of 
propofol. 

We set out to study the effect of sevoflurane anaesthesia 
on OMT and to compare OMT with BIS as a predictor of 
response to verbal command. 


Methods 


After institutional ethics committee approval and with 
informed, written consent, we studied 30 patients (mean age 
38.0 yr, range 17-59 yr) of ASA status I and H undergoing 
extracranial surgery under general anaesthesia. Exclusion 
criteria were age <18 and >60 yr, intracranial or ocular 
disease and previous ocular surgery. 

Baseline BIS and OMT measurements were made before 
induction of anaesthesia. The A-2000® BIS monitoring 
system (software 4.0) (Aspect Medical Systems, Natick, 
MA, USA) was used, and Zipprep® electrodes (Aspect 
Medical Systems) were applied to the skin in the 
frontotemporal montage as recommended by the manufac- 
turer.!? OMT was measured using the piezoelectric strain 
gauge technique (EyeTect, Belleville, IL, USA), described 
previously.’? Briefly, the sensor consists of a probe 
composed of a surface-mounted amplifier and a piezo- 
electric transducer which is coated ın silicone rubber, and 
can detect eye movements corresponding to displacement of 
the sclera ranging from 12 to more than 3000 nm. The probe 
is applied gently to the closed eyelid for approximately 
1 min. The signal from the sensor was amplified, low-pass 
filtered at 150 Hz and displayed on an oscilloscope (Fluke 
123 Industrial Scopemeter; Fluke Industrial, Almelo, The 
Netherlands). Measurements were made in real time at 
specific times, using an averaged 3 s segment of OMT 
waves. We kept a hard copy of each measurement for later 
examination to ensure readings were free from possible 
interference from signals such as facial muscle activity and 
electrocautery. 

Patients received a standardized anaesthetic that included 
premedication with temazepam 20 mg 1 h before surgery. 
Anaesthesia was induced with i.v. fentanyl 1 ug kg™ and 
propofol 2-2.5 mg kg. End-tidal anaesthetic agent 
concentration was measured routinely by anaesthetic 
machine monitors (Drager Cato, Liibeck, Germany). 
Muscle relaxation was assessed visually by train-of-four 
ratio (TOFR) using a peripheral nerve stimulator (Ministim 
IHA; Life-Tech, Stafford, TX, USA). OMT and BIS 
readings were recorded manually at the following times, 
taking a single figure read off each monitor: (1) before 
induction; (2) at loss of consciousness (first failure to 
respond to verbal command); (3) immediately before 
incision; (4) at end-tidal sevoflurane 1% after 10 min of 
equilibration; (5) at end-tidal sevoflurane 2% after 10 min of 
equilibration; and (6) at emergence (first response to verbal 


command). Values at time-points 1, 2, 3 and 6 were made 
without reference to end-tidal sevoflurane. Every 20 s 
patients were asked to squeeze an independent observer’s 
hand until failure to respond (at induction) or first 
unequivocal response to command (at emergence). The 
study plan did not specify the choice of analgesic agent but 
most patients received supplementary fentanyl in response 
to changes in heart rate and arterial pressure. OMT and BIS 
data were not used to guide patient management. Patients 
were interviewed 1 day after surgery to identify cases of 
explicit recall. 


Data analysis 


Data are expressed as medians and interquartile values. 
Comparison of the variables at each time was with the 
Wilcoxon matched-pairs signed-ranks test. The abilities of 
OMT and BIS to distinguish the awake state (defined by 
response to verbal command) from the asleep state (loss of 
response after induction) and the steady-state asleep state 
(end-tidal 2% sevoflurane) from the awake state (first 
response at emergence) were compared using logistic 
regression models; sensitivity, specificity, positive pre- 
dictive values and negative predictive values of the indices 
for the data set were determined, and receiver operating 
characteristic curves were derived. Analyses were per- 
formed using Stata 3.1 (College Station, TX, USA). After 
Bonferroni correction, P<0.05 was considered statistically 
significant. 


Results 


We studied 30 patients (18 males, mean age 38 yr, range 
17-59 yr). OMT frequency decreased significantly at loss of 
consciousness (first failure to respond to verbal command): 
[85 (82-88) (awake) vs 48 (39-52) Hz, P<0.001], as did BIS 
[92 (90-96) vs 74 (65-80), P<0.001]. There were no 
significant differences for OMT between the time-points of 
loss of consciousness, pre-incision and end-tidal sevoflurane 
1 and 2% (Fig. 1). BIS decreased significantly between loss 
of consciousness and pre-incision but did not differ 
significantly between end-tidal sevoflurane 1 and 2% 
(Fig. 2). OMT gave better logistic regression models than 
BIS to discriminate between the awake state and loss of 
consciousness at the beginning of anaesthesia, and to 
discriminate between the anaesthetized patient (end-tidal 
sevoflurane 2%) and the patient after recovery. Performance 
values for OMT and BIS models at return of consciousness 
are shown in Table 1 and the receiver operating character- 
istic curves are shown in Figures 3 and 4. 

Neuromuscular block was used ın 10 patients included in 
the study. OMT signals were not obliterated by these agents 
(even at TOFR=0), and although OMT amplitude decreased 
significantly (by 40-60%), amplitude remained sufficient 
for accurate measurement of OMT frequency, which was 
unaffected by neuromuscular block. Four patients among 20 


552 


Ocular microtremor vs BIS during sevoflurane anaesthesia 


100 


OMT (Hz) 





Awake LOC Pre-incision 1% 2% Emergence 
Sevo  Savo 
Stage of anaesthesia 


Fig 1 Ocular microtremor (OMT) at each tme-point ın temporal 
sequence (n=30). The boxes represent the median (point) and 
interquartile (25, 75) values The extended bars represent the entire 
range. A=awake; L=first loss of response to verbal command; J=before 
surgical imecision; 1%=end-tidal sevoflurane 1%; 2%=end-tidal 
sevoflurane 2%; E=first response to verbal command. *P<0.001. 





Awake 


LOC Pre-incision 1% 
Sevo 


Stage of anaesthesia 


2% Emergence 
Sevo 


Fig 2 Bispectral index (BIS) at each time-pomt im temporal sequence 
(7=30). The boxes represent the median (point) and interquartile (25, 75) 
values. The extended bars represent the entire range. A=awake, L=first 
loss of response to verbal command, I=before surgical incision; 1%=end- 
tidal sevoflurane 1%; 2%=end-tidal sevoflurane 2%; E=first response to 
verbal command *P<0.001. 


who did not receive neuromuscular blocking agents moved 
at the time of skin incision. OMT frequency was signifi- 
cantly higher before incision in patients who moved 
compared with those who did not move (P<0.05), whereas 
BIS did not differ significantly between these patients. No 
patient reported recall of intra-operative events despite 
specific questioning on the day after surgery. 


Table 1 Performance values (%) for logistic regression models of ocular 
mucrotremor (OMT) and bispectral index (BIS) to distinguish the asleep 
{end-tidal sevoflurane 2%) from the awake state at emergence (first response 
to verbal command) 





OMT BIS 
Sensitvity 85 76 
Specificity 94 69 
Positive predictive value 93 74 
Negatrve predictive value 84 71 
Area under ROC curve=0.9524 
100 
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Fig 3 Receiver operating characteristic (ROC) curve for OMT to 
discriminate the steady-state asleep state (at end-tidal 2% sevoflurane) 
from the awake state (first response at emergence) The area under the 
curve provides a measure of the discriminatory performance of the 
model, An area of 1 indicates 100% accuracy and an area of 05 
indicates performance no better than chance; the central diagonal line 
indicates an area of 0 5. 


Area under ROC curve=0.8192 
1.00 
075 
2 
Š 
5 0.50 
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Fig 4 Receiver operating characteristic (ROC) curve for BIS to 
discriminate steady-state anaesthesia (at end-tidal 2% sevoflurane) from 
the awake state (first response at emergence). 


Discussion 

The i.v. anaesthetic agents thiopentone’? and propofol!! 
suppress OMT, suggesting that OMT may be useful as a 
marker of unconsciousness. The effects of volatile anaes- 
thetic agents on OMT have not been studied previously. The 
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primary objective of this study was to assess the effect of 
volatile anaesthetic on OMT and the secondary objective 
was to compare OMT with BIS, a device that is used 
currently to monitor depth of anaesthesia. We found that 
OMT is suppressed by sevoflurane. Compared with BIS, 
there was less overlap between conscious and unconscious 
values at induction of anaesthesia, and less of a 
hysteresis effect at emergence, allowing more accurate 
identification of the patient who has regained consciousness. 
Importantly, OMT was still measurable even during 
profound neuromuscular block (TOFR=0). OMT may 
therefore allow the identification of the conscious but 
paralysed patient. 

The piezoelectric strain-gauge technique to measure 
OMT was first described in 1968.4 Measurements are 
relatively easy to obtain and to date records have been 
obtained from more than 250 normal subjects and patients. 
In previous reports, OMT readings were obtained by placing 
a piezoelectric probe on the anaesthetized sclera.?!! 14 In 
our study the probe was placed over the closed eyelid. This 
is comfortable for the patient and reproducible results can be 
obtained. No cases of scleral or other eye damage have been 
noted during use of the open-eye technique and we expect 
that the closed-eye technique will give even greater safety. 

We chose i.v. induction with propofol and the opioid 
fentanyl to assess the monitoring techniques under condi- 
tions reflecting routine clinical practice. It is difficult to 
quantify the effects of propofol and fentanyl (and other 
administered opioids) on OMT, although the duration of 
surgery in most of our patients and the reported effect on 
OMT of stopping propofol!’ suggest that sevoflurane was 
predominantly responsible for the continued suppression of 
OMT during surgery. An increase in end-tidal sevoflurane 
from 1 to 2% did not further decrease OMT. The lack of 
effect may reflect the number or variety of patients studied 
or other confounding factors, such as choice of analgesic 
agent and intensity of surgical stimulus. It may be a real 
effect, indicating either that the increase in end-tidal 
concentration was insufficient to cause a change in OMT 
or that sevoflurane, when administered in sufficient con- 
centrations to achieve unconsciousness, produces an all-or- 
none type response in OMT. 

We excluded patients less than 18 and greater than 60 yr 
old. In adults, normal OMT frequency is known to be 84 (sp 
6) Hz,’° and in subjects more than 70 yr of age the mean 
peak count frequency is approximately 7 Hz lower than in 
younger subjects.'> There are no published OMT data in 
children. Thresholds to define unconsciousness may require 
adjustment for age which cannot be defined by the present 
data. Parkinson’s disease, !6 multiple sclerosis!” and head 
injury” alter OMT. As suggested previously,” a more useful 
threshold to define unconsciousness may be a percentage 
reduction from the patient’s baseline OMT. 

We chose to compare OMT with the BIS, an EEG- 
derived measure of the hypnotic component of anaesthesia. 
In bispectral analysis, EEG waves are initially subjected to a 


Fourier transform and the phase correlation of the resulting 
sine waves is then analysed.'® Other EEG features are then 
combined using an algorithm that gives a single measure- 
ment, the BIS. The BIS is on a scale of dimensionless units 
in which 100 represents the awake state, 70 deep sedation 
and 60 general anaesthesia, continuing to 0, which indicates 
isoelectric EEG. In several studies (as in our study), BIS 
predicted the ability of patients undergoing anaesthesia to 
respond to command.!? ” Furthermore, BIS correlates with 
end-tidal sevoflurane concentration?” and measured blood 
propofol concentration.” However, the BIS value required 
to ensure unresponsiveness and suppression of memory 
formation varies greatly between studies,” and a recent 
report highlights the possibility of explicit awareness at BIS 
values generally taken to indicate unconsciousness reli- 
ably. A further difficulty in the determmation of specific 
BIS thresholds is the marked hysteresis effect.” 77 In other 
words, BIS values associated with unconsciousness at 
induction of anaesthesia commonly occur with conscious- 
ness during emergence. This effect leads to risk of 
awareness if anaesthetic drug doses are titrated using a 
specific value. We noted this effect, which also occurred to 
some extent with OMT, as demonstrated by logistic 
regression analysis. As reported elsewhere,’ BIS tended to 
rise gradually as anaesthesia was lightened at the end of 
surgery. In contrast, OMT tended to remain depressed until 
just before the first response to verbal command. These 
results suggest that BIS can provide a graded measure of 
impending emergence. However, OMT may exclude the 
aware patient more accurately. In the only other controlled 
study of anaesthetic effects on OMT,'! OMT readings at 
emergence are not reported. 

We did not observe a statistically significant effect on BIS 
of increasing end-tidal sevoflurane from 1 to 2%, although 
there was a trend towards decreased BIS. We may not have 
studied a sufficient number of patients to find this effect as it 
is likely to be small. Katoh and co-workers report that BIS 
does not show further decreases when end-tidal sevoflurane 
concentration exceeds 1.4%.” 

In summary, both OMT and BIS decreased at induction 
and remained depressed during sevoflurane anaesthesia. 
When using response to verbal command to indicate 
consciousness, OMT showed less overlap between the 
conscious and unconscious states and more accurately 
identified patients regaining consciousness after anaesthe- 
sia. OMT is depressed by i.v. and inhalational anaesthetic 
agents and recordings can be obtained from a probe placed 
over the closed eyelid. Further studies are needed of this 
technique at extremes of age, in patients with pre-existing 
central nervous system pathology and during different 
surgical procedures. 
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Background. The optimal inspired oxygen fraction fio, for fetal oxygenation during general 
anaesthesia for Caesarean section is not known. 


Methods. We randomized patients having elective Caesarean section to recerve one of the 
following: Fio, 0.3, Fin,o 0.7 and end-tidal sevoflurane 0.6% (Group 30, n=20); Flo, 0.5, Fin,o 
0.5 and end-tidal sevoflurane 1.0% (Group 50, n=20), or Fio, 1.0 and end-tidal sevoflurane 2.0% 
(Group 100, n=20) until delivery. Neonatal outcome was compared biochemically and clinically. 


Results. At delivery, for umbilical venous blood, mean PO, was greater in Group 100 
(7.6 (SD 3.7) kPa) compared with both Group 30 (4.0 (1.1) kPa, P<0.0001) and Group 50 (4.7 
(0.9) kPa, P=0.002) and oxygen content was greater in Group 100 (17.2 (1.6) ml dI”') compared 
with both Group 30 (12.8 (3.6) ml di”, P=0.0001) and Group 50 (13.8 (2.6) ml di”, P=0.0001). 
For umbilical arterial blood, PO, was greater In Group 100 (3.2 (0.4) kPa) compared with 
Group 30 (2.4 (0.7) kPa, P=0.003), and in Group 50 (2.9 (0.8) kPa) compared with Group 30 
(2.4 (0.7) kPa, P=0.04); oxygen content was greater in Group 100 (10.8 (3.5) ml di~’) than In 
Group 30 (7.0 (3.0) ml dI', P<0.01). Apgar scores, neonatal neurologic and adaptive capacity 
scores, and maternal arterial plasma concentrations of epinephrine and norepinephrine before 
Induction and at delivery were similar among groups. No patient reported intraoperative 
awareness. 


Conclusions. Use of Ao, 1.0 during general anaesthesia for elective Caesarean section 


increased fetal oxygenation. 
Br J Anaesth 2002; 89: 556-61 
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The optimum inspired oxygen fraction Fig,for general 
anaesthesia for Caesarean section is unclear. Early papers 
suggested that an Fig, of 0.5, combined with 50% nitrous 
oxide and a low concentration of a volatile agent was 
optimum,’ and this continues to be the most commonly used 
technique in the United Kingdom.” However, subsequent 
reports have advocated both smaller’ and greater** values 
of Fio, 

The different findings may result from differences in 
stedy design. Confounding factors that make interpretation 
of earher studies difficult include lack of lateral uterine 
displacement,°’ inclusion of both labouring and non- 
labouring patients,” incomplete or undescribed methods 


of randomization?** and inadequate compensation for 


changes in anaesthetic depth when varying Fig, S 
Furthermore, previous studies used umbilical arterial and 
venous PO, to calculate fetal haemoglobin oxygen satur- 
ation, taking into account the characteristics of the fetal 
oxyhaemoglobin concentration curve. No previous study 
has directly measured the effect of maternal Fig, on 
umbilical cord blood oxygen content. 





‘Presented ın part as a free paper at the 10th European Society of 
Anaesthesiologists and 24th European Academy of Anaesthesiology 
meting, Nice, France, April 2002. 
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Fig, in general anaesthesia for Caesarean section 


We set out to compare the effect of Fio, of 0.3, 0.5 and 1.0 
on umbilical cord blood oxygen content in patients having 
elective Caesarean section under general anaesthesia. To 
achieve equivalent depth of anaesthesia among groups, we 
calculated equipotent doses of inhaled anaesthetics and 
measured and closely regulated circuit anaesthetic concen- 
trations. Because light anaesthesia can increase maternal 
circulating catecholamines and cause uteroplacental vaso- 
constriction,*> we measured maternal arterial plasma con- 
centrations of epinephrine and norepinephrine before 
induction and at delivery. Neonatal outcome was compared 
biochemically by measurement of umbilical venous and 
arterial blood gases and oxygen content using co-oximetry, 
and clinically by assessment of neonatal Apgar scores and 
neurologic and adaptive capacity scores (NACS). 


Methods 


After obtaining approval from the Clinical Research Ethics 
Committee of the Chinese University of Hong Kong, we 


consecutively recruited 60 ASA I and I women with term. 


singleton pregnancies having elective Caesarean section 
under general anaesthesia. All patients gave written 
informed consent. Patients with pre-existing or pregnancy- 
induced hypertension, cardiovascular or cerebrovascular 
disease or known fetal abnormalities were excluded. 

Patients were given oral ranitidine 150 mg the night 
before and on the morning of surgery and 30 ml 0.3 M 
sodium citrate on arrival in the operating theatre. Standard 
monitoring included non-invasive arterial pressure 
measurement, electrocardiography and pulse oximetry. A 
wide-bore i.v. catheter was inserted under local anaesthesia 
and a slow infusion of lactated Ringer’s solution was 
Started. Patients were then randomly allocated to one of 
three groups by drawing of sequentially numbered sealed 
envelopes that each contained a computer-generated 
randomization code. Each group received a different 
inspired oxygen fraction during the period from immedi- 
ately after induction to delivery. 

The circuit oxygen analyser was calibrated immediately 
before each case and lateral uterine displacement was 
achieved by tilting the operating table to the left. After pre- 
oxygenation, rapid sequence induction with cricoid pressure 
was achieved using thiopental 4 mg kg? and succinylcho- 
line 1.5 mg kg. Atracurium was given as required for 
further muscle relaxation as indicated by a peripheral nerve 
stimulator. The lungs were ventilated to maintain end-tidal 
carbon dioxide concentration of 4.3 kPa. For maintenance of 
anaesthesia, we used sevoflurane’ as the volatile agent 
because of its low blood-gas partition coefficient. 
Concentrations of oxygen, nitrous oxide and sevoflurane 
were adjusted according to group allocation: Group 30 
received Flo, 0.3, Fiy,o 0.7 and sevoflurane adjusted to 
maintain end-tidal concentration of 0.6%; Group 50 
received Fio, 0.5, Fiy,o 0.5 and end-tidal sevoflurane 
1.0%; and Group 100 received Fig, 1.0 and end-tidal 


sevoflurane 2.0%. These inspired fractions were chosen to 
provide approximately equivalent MAC values. A circle 
circuit with a fresh gas flow of 6 litre min™ was used and for 
all patients the sevoflurane vaporizer was initially set at 6% 
for the first 60 s in order to prime the circuit and was then 
adjusted as required to maintain the allocated end-tidal 
concentration. Oxygen and anaesthetic concentrations were 
measured using the modules integrated into the anaesthesia 
machine (Narkomed 4, North American Dräger, Telford, 
PA, USA). All monitoring data were downloaded to a 
Macintosh computer using software developed within our 
department. z 

Patients were not informed of the group allocation. One 
anaesthetist was responsible for controlling the delivery of 
the anaesthetic. Separate investigators were responsible for 
the blood sampling and analysis. To mask these investiga- 
tors and the surgeon to the treatment, the anaesthesia 
machine was turned away so the monitors were not visible 
to them. Maternal arterial haemoglobin oxygen saturation 
was measured continuously using pulse oximetry. The 
contingency plan for any patient who developed an Spo, 
95% was to increase the Fio, to the next highest group, and 
for any patient who developed hypotension was to increase 
the rate of i.v. fluid administration. Times of skin incision, 
uterine incision and delivery were recorded by stopwatch. 

Approximately 10 ml maternal arterial blood was taken 
by radial artery puncture before pre-oxygenation and at the 
time of delivery. Each sample was divided into aliquots for 
measurement of blood gases, oxygen content and plasma 
concentrations of epinephrine and norepinephrine. Samples 
of arterial and venous blood were taken from a double- 
clamped segment of umbilical cord for measurement of 
blood gases and oxygen content. After delivery, morphine 
0.15 mg kg and oxytocin 10 IU were given i.v. 
Anaesthesia was then maintained using Fio, 0.3, Fiy,o 0.7 
and end-tidal sevoflurane 0.6% in all patients. 

After delivery, the neonate was assessed by a paedia- 
trician (KCM) who was not aware of the treatment, who 
recorded Apgar scores 1 min and 5 min after birth and 
NACS 15 min and 2 h after birth. 

At the end of surgery, residual neuromuscular block was 
antagonized using neostigmine and atropine. Blood loss was 
assessed by measuring blood in the suction bottle minus 
liquor, weighing wet swabs and estimating blood on drapes 
and on the floor. 

Each patient was visited on the first day after operation by 
a research nurse, who asked the patient ıf she was able to 
recall any intraoperative events or remembered any dreams 
during the operation. 


Laboratory analyses 


All blood samples were drawn into heparinized syringes. 
Samples for blood-gas and oxygen-content analysis were 
immediately placed in ice. Blood gases were measured 
using a Ciba-Corning 278 Blood Gas System blood gas 
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analyser (Ciba-Corning, Medfield, MA, USA). Oxygen 
content and total haemoglobin concentration were measured 
using an IL 482 Co-oximeter (Instrumentation Laboratory, 
Lexington, MA, USA) with correction for 70% fetal 
haemoglobin. Blood samples for catecholamine analysis 
were Immediately put into lithium-heparin tubes containing 
metabisulphite as an antioxidant and the tubes were 
immediately placed in ice. These were centrifuged at 4°C 
and the plasma was separated and stored at -70°C pending 
batch analysis. Norepinephrine and epinephrine were 
measured by high performance liquid chromatography. 
Catecholamines were extracted with alumina, analysed on a 
reverse-phase Ultrasphere IP C18 column (Beckman 
Instruments Inc., Altex Division, San Ramon, CA, USA) 
and detected by an electrochemical method on an ESA 
5100A coulometric detector (Environmental Science 
Associates, Bedford, MA, USA). The within-day coeffi- 
cients of variation for norepinephrine and epinephrine were 
7.06% and 8.48%, respectively, and the between-day 
coefficients of variation were 10.69% and 12.69%, respect- 
ively. The assay was linear to the lower limit of detection, 
which was 25 pg ml for both norepinephrine and 
epinephrine. 


Statistics 

Prospective power analysis was based on data from our 
previously published work.'° The primary outcome was 
defined as the umbilical venous oxygen content. We 
calculated that a sample size of 17 patients per group 
would have 90% power to detect a 20% difference in 
oxygen content among groups with an alpha value of 0.05. 
To allow for possible difficulties with sample collection, we 
increased the sample size to 20 per group. Intergroup 
comparisons were made using analysis of variance with 
post-hoc pairwise comparisons using Scheffe’s procedure. 
Single-variable intragroup comparisons were made using 
the paired t-test. Nominal data were analysed using the chi 
square test and Fisher’s exact test. Analyses were performed 
using Statview for Windows 4.53 (Abacus Concepts Inc., 
Berkeley, CA, USA). P<0.05 was considered significant. 


Results 


Patient recruitment took 2 yr and 7 months, from October 
1998 to April 2001. The relatively long time required to 
complete data collection reflects the low usage of general 
anaesthesia for Caesarean section in our unit (approximately 
12% for elective cases during the study period). The 
indications for general anaesthesia were similar among 
groups and included placenta praevia (36), patient refusal of 
regional anaesthesia (20), and contraindication for regional 
anaesthesia because of low platelet count, antiplatelet 
medication or spinal deformity (4). Patient characteristics 
and surgical details were similar among groups (Table 1). 


Table 1 Patient characteristics and surgical times. Values are mean (SD or 
range) 


Group 30 Group 50 Group 100 P 
(n=20) (n=20) (n=20) 
Age (yr) 34 (27-41) 34(2641) 35 (27-43) 08 
Weight (kg) 65 (9) 64 (10) 66 (5) 08 
Height (cm) 157 (5) 156 (4) 157 (5) 0.9 
Induction to delivery time 122 (55) 11 4 (2.3) 13.3 (47) 04 
(min) 
Uterine incision to delivery 97 (39) 85 (35) 103 (48) 04 
time (s) 
Estimated blood loss (mI) 795 (413) 626 (310) 821 (564) 04 


In general, Fio, and anaesthetic concentration could be 
well maintained in the target ranges, although it was noted 
that for patients in Group 100, Flo, of exactly 1.0 was 
difficult to achieve because of the diluting presence of other 
gases and vapours. No patient required an increase of the 
allocated Fio, because of a low Spo, 

There was insufficient sample volume for analysis from 
one patient in Group 30 for umbilical venous blood, 
from one patient in Group 50 for maternal arterial blood 
and from two patients in Group 50 and three patients in 
Group 100 for umbilical arterial blood. The paediatrician 
investigator (KCM) was not available for three cases ın 
Group 30, three in Group 50 and one in Group 100; in these 
cases the neonate was assessed by the duty paediatrician, 
who assessed Apgar scores but not NACS. 

No patient reported recall of intraoperative events. One 
patient in Group 50 reported experiencing intraoperative 
dreams but was not distressed by this. 

Maternal arterial blood gases, haemoglobin concentration 
and oxygen content are shown in Table 2. Values for Pao, at 
delivery increased with increasing Fio, but there was no 
difference in maternal arterial oxygen content among 
groups or between baseline and delivery values within 
groups. 

Umbilical cord gases and haemoglobin concentration are 
shown in Table 3 and oxygen content is shown in Figure 1. 
Po was significantly different among groups for both 
umbilical venous (P<0.0001) and arterial (P=0.002) blood. 
Post-hoc analysis showed that for umbilical venous blood, 
PO, was greater in Group 100 than in Group 30 (P<0.0001) 
and in Group 100 compared with Group 50 (P=0.002). For 
umbilical arterial blood, PO2 was greater in Group 100 than 
in Group 30 (P=0.003) and in Group 50 compared with 
Group 30 (P<0.05). There were no differences between 
groups in pH or PCO). Oxygen content of umbilical blood 
was significantly different between groups for both venous 
(P<0.0001) and arterial blood (P<0.01). Post-hoc analysis 
showed that for umbilical venous blood, mean oxygen 
content was greater in Group 100 than in Group 30 (17.2 (sp 
1.6) vs 12.8 (3.6) ml di™, P=0.0001) and in Group 100 
compared with Group 50 (17.2 (1.6) vs 13.8 (2.6) ml di, 
P=0.0001). For umbilical arterial blood, oxygen content was 
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Table 2 Maternal arterial blood gases, haemoglobin concentration and 
oxygen content. P values shown are from analysis of variance Significant 
results from post-hoc analysis are indicated as different compared with 
Group 100 (“"P<0,001) and different compared with Group 50 (P<0.001) 
Values are mean (SD) 


Group 50 Group 100 P 


Group 30 
(n=20) (n=20) (n=20) 
Baseline 
pH 745 (002) 744(002) 745 (002) 04 
Paco, (kPa) 40 (03) 42 (03) 40004) 02 
Pao, (kPa) 147 85) 14.1 (12) 144(23) 07 
Haemoglobin 109 (10) 11.3 (1.3) 3a 04 
concentration (g di~’) 
Oxygen content (mi di“ 14.8 (1 4) 15318) 153016) 066 
Delivery 
pH 741 (0.03) 743(004) 741 (003) 04 
Paco, (kPa) 43 (04) 44 (04) 44 (04) 04 
Pao, (KPa) 198 (3 1)°™7 $31.5 (80) “609 (101) <0.0001 
Haemoglobin 105 (09) 108(11) 11003) 06 
concentration (g di~!) 
Oxygen content (ml dl) 145 (15) 142 (20) 144 (1 9) 09 





Table 3 Umbilical cord blood gases and haemoglobin concentration P values 
shown are from analysis of variance Significant results from post-hoc 
analysis are indicated as different compared with Group 100 (**P<0 01, 
*'*P<( 001) and compared with Group 50 ('P<O 05). Values are mean (sp) 


Group 30 Group 50 Group 100 P 
(n=20) (n=20) (n=20) 
Umbilical venous 
pH 7 34 (0 03) 736 (003) 735(004) 03 
PCO, (kPa) 58 (06) 58 (04) 55 (06) 03 
Po (kPa) 40 (1.1)*** 4.7(09)** 76(37) <00001 
Haemoglobin 144 (1 3) 137 (1.4) 14.0 (1 2) 0.3 
concentration (g dl~!) 
Umbılıcal arterial 
pH 7.31 (0 03) 732 (004) 730(003) 02 
PCO, (kPa) 6.8 (07) 65 (07) 68 (0.6) 04 
Poz (kPa) 2.4 (0.7)**t 29 (0.8) 32 (04) 0 002 
Haemoglobin 142 (15) 136 (1.5) 14.2 (24) 05 


concentration (g di~!) 





greater in Group 100 than ın Group 30 (10.8 (3.5) vs 7.0 
(3.0) ml di, P<0.01). 

The results of clinical assessment of the neonates are 
shown in Table 4. There was no difference among groups in 
the proportion of Apgar scores <7 at 1 min. All neonates had 
Apgar scores =7 at 5 min. NACS were similar among 
groups at 15 min and at 2 h. Eight neonates in Group 30, 
three in Group 50 and five in Group 100 required a brief 
period of assisted mask ventilation immediately after birth 
(P=0.2); of these, one neonate in Group 30 and one neonate 
in Group 100 required tracheal intubation for suction. Three 
neonates were admitted to the neonatal intensive care unit: 
two in Group 100 because of tachypnoea and one in Group 
30 because of cyanosis on feeding. In none of these cases 
was the admission considered to be related to the anaesthetic 
technique. 


Oxygen content (ml di’) 


Group 30 Group 50 Group 100 


Oxygen content (mi d!) 
5 


Group 30 Group 50 Group 100 


Fig 1 Umbilical venous (A) and artenal (B) cord blood oxygen content 
**P<0.01, significantly different from Group 100 *#*P<000I, 
significantly different from Group 100 


Maternal arterial catecholamine concentrations are 
shown in Table 5. In each group, maternal arterial plasma 
concentrations of epinephrine were higher at delivery than 
at baseline (all P<0.05). Similarly, in each group, plasma 
concentrations of norepinephrine were higher at delivery 
than at baseline (all P<0.01). However, there were no 
differences in plasma concentrations of either epinephrine 
or norepinephrine between groups at either baseline or at 
delivery. 


Discussion 


Our study showed that in patients having general anaesthe- 
sia using nitrous oxide and sevoflurane, oxygen transfer to 
the fetus was greatest with the use of an Fio, near 10 
compared with Fig, of 0.5 and 0.3. This was reflected by a 
greater umbilical venous oxygen content in Group 100 
compared with Group 30 and Group 50 and greater 
umbilical arterial oxygen content in Group 100 compared 
with Group 30. 
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Table 4 Clinical neonatal outcome Values for neurologic and adaptive 
capacity score (NACS) are mean (SD) 


Group 30 Group 50 Group 100 P 
(n=20) (n=20) (n=20) 
Apgar score at 1 min z 
4—6 (n) T 3 5 03 
=7 (n) 13 17 15 03 
Apgar score at 5 min 
4-6 (n) 0 0 0 
#7 (n) 20 20 20 
Assisted ventilation required at = 8 3 5 02 
birth (7) 
Admitted to neonatal intensive 1 0 2 03 
care (71) 
NACS at 15 min 315(47) 32836) 317(48) 07 
NACS at 2 h 35.8 (33) 369(19) 360(33) 0.5 


These findings support the earlier work by Bogod, Piggott 
and colleagues,*> who also reported that the use of 100% 
oxygen improved fetal oxygenation compared with 50% 
oxygen. As 100% oxygen increased umbilical venous oxygen 
tension, they postulated that because of the high oxygen 
affinity of fetal haemoglobin, this should correspond to a 
significant increase in oxygen content. We have confirmed 
this by measuring oxygen content using co-oximetry. Bogod, 
Piggott and colleagues also emphasized the importance of 
adjusting the concentration of volatile anaesthetic to com- 
pensate for loss of the anaesthetic contribution from nitrous 
oxide. This was not done in previous studies®” and it was 
suggested that light anaesthesia could have increased 
plasma catecholamines and caused placental vasoconstric- 
tion.*> In our study we found no difference between groups 
in maternal arterial plasma concentrations of epinephrine 
and norepinephrine, making it unlikely that differences in 
depth of anaesthesia contributed to any differences in cord 
blood results. However, the small sample size should be 
noted in the interpretation of these data. Retrospective 
power analysis showed that our study had 80% power to 
detect a 44% difference in maternal arterial plasma 
norepinephrine concentration and a 65% difference in 
maternal arterial plasma epinephrine concentration in 
Group 100 compared with the other groups. 

In our study, similar to those of Bogod, Piggott and 
colleagues, we calculated and administered equivalent 
MAC values of inhalational anaesthetics to each group. 
We also imtially administered a high concentration of 
volatile agent to rapidly increase alveolar anaesthetic 
concentration. However, we limited this initial period of 
overpressure to only 1 min, compared with 5 min in the 
previous studies. Thereafter we titrated anaesthetic delivery 
according to end-tidal concentration, which was not done in 
the previous studies. This was facilitated by our choice of 
sevoflurane, because its low blood—gas partition coefficient 
results in rapid changes of alveolar concentration. In 
retrospect, we might have been further able to confirm 
equivalent depth of anaesthesia among groups by use of 


Table 5 Maternal arterial plasma catecholamime concentrations Values are 
mean (SD) 








Group 30 Group 50 Group 100 P 
(n=20) (n=20) (n=20) 
Baseline 
Epmephnne (pg mIy 142 (63) 154 (85) 122 (76) 04 
Norepinephrine (pg mI!) 275 (103) 362 (223) 307 (131) 02 
Delivery 
Epinephrine (pg mI!) 203 (92) 292 (279) 223 (143) 0.3 
Norepinephnne (pg ml) 451 (150) 501 (281) 483 (277) 08 


bispectral index (BIS) monitoring, although few data are 
available on BIS monitoring in pregnant patients. 

Previously, Lawes and colleagues? investigated different 
values of Fio, during general anaesthesia for Caesarean 
section. In contrast to our findings, they found no difference 
in umbilical venous PO, in patients who received an Flo, of 
0.33 compared with patients who received an Fio, of 0.5. 
However, that study was not fully randomized and was only 
partially blinded, there was no compensatory adjustment of 
isoflurane concentration, and both labouring and non- 
labouring patients were included. Although the authors 
concluded that use of 33% oxygen appeared to be safe, they 
did not include a group that received an Fio, of 1.0 for 
comparison. 

Perreault and colleagues'! investigated administration of 
100% oxygen during the period between hysterotomy and 
birth during general anaesthesia for Caesarean section. 
Compared with a group that received 50% oxygen, they 
found no difference in umbilical venous or arterial PO». 
Notably, however, no adjustment of volatile anaesthetic was 
made after discontinuing nitrous oxide in the 100% group 
and four out of 10 patients reported intraoperative aware- 
ness. This serves to emphasize the importance of increasing 
the concentration of volatile agent and monitoring circuit 
concentration when using 100% oxygen. In that study, two 
infants in the 100% group had low early Apgar scores, 
which was not explained. 

We found no dirference in the clinical condition of the 
neonates, assessed using Apgar scores and NACS. 
However, significant differences would be difficult to detect 
in healthy uncomplicated elective cases in whom outcome 
was already expected to be favourable. Further research is 
required to determine whether the increase in oxygen 
delivery we found in elective cases could lead to differences 
in clinical outcome in emergency cases when there is fetal 
distress. Such an advantage was suggested by Piggott and 
colleagues’ who found that neonates born to mothers who 
received 100% oxygen during emergency Caesarean section 
had a smaller requirement for oxygen and positive-pressure 
ventilation compared with those delivered to mothers who 
received 50% oxygen. We chose to use NACS as a method 
of evaluating potential differences among groups exposed to 
different anaesthetic combinations, including relatively 
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high concentrations of sevoflurane and found no difference 
between groups. Retrospective power analysis showed that 
our study had 80% power to detect a mean difference in 
NACS score of 4 points at 15 min and 3 points at 2 h in 
Group 100 compared with the other groups. However, since 
this study was planned, the validity of NACS has been 
questioned. ! 1? 

Finally, although we have found that a high Fio, 
improved fetal oxygenation, the potential harmful effects 
of oxygen should be considered. Maternal hyperoxia could 
provoke vasoconstriction in the fetoplacental unit. "4 
However, our finding that fetal oxygenation improved in 
the group that received the highest Flo, suggests that this is 
not a significant concern in elective cases. Hyperoxia also 
increases the rate of formation of toxic reactive species by 
superoxide generation.’> In a previous study’® we found that 
a high Fio, during regional anaesthesia for Caesarean 
section resulted in increased maternal and umbilical plasma 
concentrations of lipid peroxide markers of oxygen free- 
radical activity. The clinical importance of this is as yet 
undetermined. We are now investigating the effect of Flo, 
on markers of free-radical generation during general 
anaesthesia for Caesarean section. 
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Epinephrine and clonidine do not improve intrathecal sufentanil 


analgesia after total hip replacement“ 
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Background. We compared analgesia after intrathecal sufentanil alone, sufentanil with epi- 
nephrine 200 ug and sufentanil with clonidine 30 ug in patients after total hip replacement, the 
endpoints being onset and duration of action. 


Methods. We performed a randomized double-blind study of 45 patients for elective total hip 
arthroplasty using continuous spinal anaesthesia. As soon as a pain score higher than 3 ona 10 
cm visual analogue scale was reported, sufentanil 7.5 ug alone, sufertanil 7.5 ug + epinephrine 
200 ug or sufentanil 7.5 jig + clonidine 30 ug in 2 ml normal saline was given intrathecally. Pain 
scores, rescue analgesia (diclofenac and morphine) and adverse effects (respiratory depression, 
postoperative nausea and vomiting, itching) were observed for 24 h after surgery. 


Results. Time to a pain score of <3 [6 (sD 1) vs 6 (1) vs 5 (1) min], time to the lowest pain 
score [7 (2) vs 8 (2) vs 8 (2) min] and time to the first dose of systemic analgesic for a pain 
score >3 [281 (36) vs 288 (23) vs 305 (30) min] were similar in all three groups. Adverse effects 
and analgesic requirements during the first 24 h were also similar. 


Conclusion. After total hip replacement, all three analgesic regimens gave good analgesia with 


comparable onset and duration of action, and minor adverse effects. 


Br J Anaesth 2002; 89: 562-6 
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Intrathecal (i.t.) opioid analgesia is widely used in labour! ? 
and is also used after general surgery.? * Spinal lipophilic 
opioids, such as fentanyl, sufentanil and nalbuphine,* * give 
prompt and profound analgesia compared with the slow 
onset of action of i.t. morphine.” LT. sufentanil provides 
nearly instantaneous pain relief, but its duration of action is 
relatively short in labour (60-90 min), 7 whereas the 
analgesic effect is longer when this opioid is administered 
for postoperative pain relief after total hip replacement (240 
min). 

A longer duration of analgesia after i.t. sufentanil would 
be useful for patients undergoing orthopaedic surgery. A 
longer action might be obtained by adding either epinephr- 
ine or clonidine, as found in obstetrics, in which epinephrine 
(200 ug) and clonidine (30 pg)! mixed with sufentanil 
significantly prolong analgesia. 

In this double-blind, randomized study we compared the 
speed of onset and duration of action after i.t. administration 
of sufentanil 7.5 ug alone and mixed with either epinephrine 


200 ug or clonidine 30 ug for postoperative pain relief in 
elderly patients undergoing total hip arthroplasty. 


Methods 


After obtaining institutional ethics committee approval and 
informed consent, we studied 45 patients aged more than 
70 yr, ASA physical status I-IV, scheduled for elective 
total hip replacement. We excluded patients with psychiat- 
ric illness, allergy to opiates, the study drugs or local 
anaesthetics, severe chronic obstructive respiratory disease 
(forced expiratory volume in 1 s <600 ml) or coagulation 
disorders. On the basis of previous studies,’ * 8 we expected 
analgesia to be prolonged for 60 min, giving a standardized 
difference of 1.3. To detect a prolongation in duration of 
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Table 1 Patient characteristics [mean (SD or range), n=15 for each group]. 
ASA, American Society of Anesthesologists, SUF, sufentanil; SUF+EPI, 
sufentanil plus epinephrine; SUF+CLO, sufentanil plus clomdine 


SUF SUF + EPI SUF+CLO 
Age (yr) 16 (70-82) 79 (73-85) 78 (71-85) 
Height (cm) 167 (8) 163 (10) 166 (8) 
Weight (kg) 78 (1) 71 05) 78 (15) 
Females, males 5, 10 10, 5 6,9 
ASA class 2, 3, 4 3, 12,0 5, 10, 0 4, 11,0 


60 min, 15 patients per group would be needed for B=0.2 
and a=0.05. 

All patients were given morphine 0.1 mg kg™ s.c. 60 min 
before the operation, to obviate opioid supplements. These 
can be needed during surgery because of the prolonged 
lateral decubitus position, which sometimes causes shoulder 
pain. In the operating room, an i.v. infusion of lactated 
Ringer solution was started through a 17 gauge peripheral 
venous catheter. Electrocardiogram, non-invasive arterial 
blood pressure and peripheral oxygen saturation were 
measured and a urinary catheter was inserted. Continuous 
spinal anaesthesia was administered with the patient in the 
lateral position, operation side up, at the L2-3 or L3-4 
intervertebral space using an 18 gauge Tuohy needle 
(epidural miniset), and a 20 gauge catheter was inserted 
3—4 cm into the subarachnoid space. Injections of 0.5% 
isobaric bupivacaine 2.5 or 5 mg (Carbostesine®, Astra, 
Dietikon, Switzerland) were given as required. Surgery was 
performed to a standard plan. 

After surgery, the i.t. catheter was flushed with normal 
saline 2 ml and left in place. Patients received oxygen by 
face mask. In the recovery room, when the pain score on the 
operated side was greater than 3/10 on a visual analogue 
scale (VAS; O=no pain at all, 10=unbearable pain), the 
patients were randomly allocated (by the closed envelope 
technique) to one of the three study groups: group SUF 
received sufentanil 7.5 ug (Sufenta®, Janssen-Cilaf, Baar, 
Switzerland) alone, group SUF+EPI received sufentanil 
7.5 pg with epinephrine 200 pg, and group SUF+CLO 
received sufentanil 7.5 ug with clonidine 30 pg, all in 
normal saline 2 ml through the i.t. catheter over 30 s. Study 
drugs were prepared by an anaesthetist who was the only 
person with access to the randomization list and was not 
otherwise involved in the study. The first author (RF) 
injected drugs blindly and tested the patients during the first 
hour. Afterwards, the patients were tested by the nurse in 
charge and, after leaving the recovery room, by ward nurses, 
who collected the data and gave the analgesics according to 


the study plan. Twenty-four hours after the i.t. opioid. 


injection, one of the authors (RF or ZG) collated the data. 

” Pain score, sedation score (1=awake and alert; 2=awake 
but drowsy, responding to a verbal stimulus; 3=drowsy but 
rousable, responding to a physical stimulus; 4=unrousable, 
not responding to a physical stimulus), respiratory rate, 
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oxygen saturation and TEE ET changes were meas- 
ured at i.t. injection and then every 2.5 min for the first 
15 min, every 5 min for the next 45 min and every hour for 
the next 5 h. We noted times to VAS <3 (onset of action), to _ 
the lowest VAS and to: the first systemic analgesic 
intervention (reappearance! of hip pain, VAS >3) and 
recorded ketorolac (Toradol”, Roche, Reinach, 
Switzerland) and morphine ‘requirements (rescue analgesia 
given by the systemic route) during the first 24 h after i.t. 
injection. We recorded side-effects of nausea and/or 
vomiting, pruritus (grade = mild, not disturbing; grade 
2=moderate, disturbing but not requiring treatment; grade 
3=severe, requiring treatment) and respiratory depression 
(respiratory rate < 8/min). ! 

Patients could request systemic rescue analgesia if their 
pain score was still greater than 3/10 30 min after i.t. 
injection or after the i.t. analgesia regressed. Ketorolac 
30 mg i.v. was available first, followed by morphine 
0.1 mg kg”! s.c. if the VAS! was still greater than 3/10 after 
30 min. Afterwards, these analgesics were given on demand 
(pain score >3) with a maximum of three doses per 24 h for 
ketorolac and eight doses per 24 h for morphine. 

Nausea and/or vomiting: were treated with metoclopra- 
mide (Primperan®, Synthélabo, Lausanne, Switzerland) 
10 mg i.v. and a reduction lin mean arterial blood pressure 
(MAP) by more than 20% of resting value with ephedrine 
5 mg i.v. and a rapid infusion of normal saline 250 ml. 
Clemastine (Tavegil®, Novartis, Bern, Switzerland) 2 mg 
i.v. was administered for’ severe pruritus and naloxone 
(Narcan®, Dupont Pharma, Bad Homburg, Germany) 40 ug 
i.v. was injected for respiratory depression (respiratory rate 
<8 b.p.m.). The patients only left the recovery room for the 
ward after receiving the first rescue analgesia. 

| 


Statistical analysis | 

Data are presented as mean (SD) or median (range) and 
groups were compared by analysis of variance or the 
Kruskal-Wallis test as required; a P value of less than 0 05 
was considered statistically significant. 


t 
! 


Results | 

Patient characteristics, presented in Table 1, were compar- 
able between groups. No supplementary i.v. opiates or 
sedatives were administered during surgery. 

Pain scores, onset and duration of action of i.t. sufentanil 
alone and with epinephrine or clonidine are presented in 
Table 2 and Figures 1 and 2, Results were comparable in the 
three groups. After i.t. injection, all patients achieved a VAS 
of 0 (Table 2). 

Although a slightly shorter onset and longer duration of 
action was observed with the sufentanil—clonidine mixture, 
the differences were not istatistically significant (Figs 1 
and 2). 
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Table 2 Pain scores (10-point VAS scale), onset and duration of action in 
the three groups [mean (sD) or median (range), n=15 for each group] SUF, 
sufentaml, SUF+EPI, sufentanil plus epinephrine, SUF+CLO, sufentanil plus 
clonidine 


SUF SUF+EPI SUF+CLO 
Pain score before injection 5 (4-8) 5 (4-10) 5 (4-9) 
Time to pain score <3 (min) 6 fl) 6 (1) 5 (1) 
Tune to lowest pain score (min) 712) 8 (2) 8 (2) 
Tune to first systemic analgesic 281 (36) 288 (23) 305 (6) 


intervention (min) 
Lowest pain score 0 0 0 
Pain score at 24 h 0 (0-1) 0 (0-2) 0 (0-2) 


The analgesic requirements in the first 24 h were similar 
(Table 3). One patient in the SUF group, two in the 
SUF+EPI group and two in the SUF+CLO group were not 
considered for analysis of postoperative analgesic require- 
ments because they received further i.t. analgesia. 

The cardiovascular changes in the first hour after i.t. 
injection were comparable in all groups (Table 4). 
Ephedrine was given to one patient in the SUF group, two 
patients ın the SUF+EPI group and four patients in the 
SUF+CLO group. 

Respiratory rates less than 8 b.p.m. were not seen. 
However, one patient in the SUF+EPI group had an oxygen 
saturation less than 95% for a short time, requiring 
adjustment of oxygen administration. Four patients in the 
SUF group, six in the SUF+EPI group and eight in the 
SUF+CLO group complained of pruritus in the first hour 
after it. injection. Antihistamines were required in two 
patients in each of the SUF and SUF+EPI groups and in one 
patient in the SUF+CLO group. Before rescue analgesia, 
two patients in the SUF group, four in the SUF+EPI group 
and one in the SUF+CLO group had nausea and/or vomiting 
requiring antiemetic therapy. Sedation score never exceeded 
grade 2 in any patients in the first hour after i.t. injection. 


Discussion 

We believe this is the first study of analgesia from 
sufentanil-epinephrine and’ sufentanil—clonidine combin- 
ations for postoperative pain relief in patients, apart from 
obstetrics. All the treatment gave, within 5—6 min, excellent 
pain relief which lasted for 4.5-5 h. No significant 
differences between groups were found in the quality of 
pain relief assessed by VAS pain scores, onset or duration of 
analgesic action, adverse effects and subsequent analgesic 
treatment. 

We added epinephrine 200 ug to sufentanil, as this dose is 
commonly used in obstetrics without circulatory effects.” ae 
Cardiovascular effects of i.t. clonidine are a serious concern, 
and in our frail, elderly patients we gave a moderate dose of 
30 pg, which seems to prolong the analgesic action of i.t. 
sufentanil in labour and to have acceptable effects on the 
circulation.' 


Time (min) 
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Fig 1 Box plots shcwing the onset of action (ume between inital 
intrathecal injection and reaching pain score <3) in all groups Open 
boxes represent the 25th to 75th percentiles and contain the median 
(horizontal bar) and mean (small square) values, vertical bars represent 
the 10th to 90th percentiles 
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Fig 2 Box plots showing the duration of action [ume from mitial 
intrathecal injecuon to reappearance of a pain score (VAS) of >3, 
requiring the first systemic analgesic intervention] in all groups Open 
boxes represent the 25th to 75th percentiles and contain the median 
(horizontal bar) and mean (small square) values; vertical bars represent 
the 10th to 90th percentiles. 


The prolongation of analgesia by epinephrine has in the 
past been attribuied to vasoconstriction, reducing the 
clearance of coadministered drugs from the subarachnoid 
space.” However, epinephrine does not reduce the maximal 
plasma concentration of local anaesthetics.!° 1! An alterna- 
tive explanation for the prolongation of spinal anaesthesia 
by vasoconstrictors may be a direct effect on the nociceptive 
system in the dorsal horn of the spinal cord,!? where opioids 
and adrenergic agonists may interact. In cats, the suppres- 
sion of nociception by fentanyl is increased by epinephr- 
ine.!? In humans, the effects of epinephrine ın addition to i.t. 
sufentanil, which have been only described in labour, are 
controversial. A study® of sufentanil 10 ug it. with or 
without epinephrine 200 ug reported a significant but small 
prolongation cf analgesia from 115 to 132 min, and another 
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Table 3 Analgesic requirements durng the first 24 h after intrathecal 
injection [mean (SD) or median (range)]. SUF, sufentanil; SUF+EPI, 
sufentanil plus epinephnne, SUF+CLO, sufentanil plus clonidine 


SUF SUF+EPI SUF+CLO 

(n=14) (n=13) (n=13) 
Ketorolac (mg/patient) 30 (23) ` 37(29) ~ 33 (20) 
Morphine (mg/patient) 115 (6) 13(11) 16 (10) 
Number of analgesic doses/patient 2.5 (1-5) 3 (1-6) 3 (1-5) 


showed pain relief for 90 min in both groups.® Our data 
support this finding. Two other studies in labour suggest a 
more pronounced effect of epinephrine added to a mixture 
of bupivacaine and sufentanil. Gautier and colleagues’? 
found that a small dose of epinephrine (25 ug) added to 
bupivacaine 1 mg and sufentanil 5 pg i.t. prolonged the 
analgesia by about 40 min. Campbell and colleagues” added 
a larger dose of epinephrine 200 ug to sufentanil 10 ug and 
bupivacaine 2.5 mg, and reported a prolongation of 43 min. 
Adding epinephrine to a mixture of local anaesthetic and 
opioids seems more efficient in prolonging analgesia than 
adding it to sufentanil alone, and the reason for this is not 
clear. 

We found only a trend to prolongation of pain relief in the 
SUF+CLO group compared with the control SUF group 
(305 vs 281 min), whereas the addition of clonidine 30 pug to 
sufentanil 5 ug prolonged labour analgesia from 99 to 
145 min’ and from 97 to 125 min.* These differences may 
be related to the different type of pain, with an increasing 
and changing pattern during labour (somatic to visceral) 
compared with postoperative pain, which tends to decrease 
with time. Compared with labour analgesia, the pain relief 
in our elderly patients lasted 281 (36) min and the addition 
of clonidine 30 ug was probably not enough to improve the 
analgesia provided by sufentanil 7.5 ug alone. A larger dose 
of clonidine, e.g. 50 ug, might have provided a longer 
duration of pain relief, as demonstrated by d’Angelo and 
colleagues, who found labour analgesia lasting 197 min 
after adding clonidine 50 wg to sufentanil 7.5 ug and 
bupivacaine 2.5 mg, and 132 min for sufentanil— 
bupivacaine. 

Clonidine extends labour analgesia when added to i.t. 
opioids, but causes hypotension.’ '? '4 16 17 The incidence of 
hypotension was doubled by adding clonidine 30 ug to 
sufentanil 5 ug (25 vs 50%).' Mercier and colleagues found 
that 63% of patients developed hypotension with the same 
analgesic regimen.’* Sia reported a decrease in blood 
pressure in 60% of parturients receiving bupivacaine 
1.25 mg, sufentanil 5 ug and clonidine 30 ug compared 
with only 7% in a control group without clonidine.! We 
found a maximal decrease in MAP, from the baseline value, 
of 22 and 23% in the SUF+EPI and SUF+CLO groups 
respectively, compared with 14% in the SUF control group 
(Table 4). The trend towards greater hypotension in the 
SUF+CLO group is not surprising,’ '* but a 22% decrease in 


Table 4 Changes ın mean arterial pressure (MAP) and heart rate during the 
first hour after intrathecal injection [mean (SD), n=15 ın each group] SUF, 
sufentanil; SUF+EPI, sufentanil plus epmephrine; SUF+CLO, sufentanil plus 
clonidine 


SUF  SUF+EPI SUF+CLO 
Baselme MAP (mm Hg) 93 (19) 90(20) 97(12) 
Maximal decrease in MAP (%) 14 (10) 22(18) 23 (9) 
Tıme to maximal decrease ın MAP (mm) 20(19) 21(18) 23 (14) 
Baseline heart rate (beats mın!) 74 (17) 76 (16) 76 (17) 
Maximal decrease in heart rate (%) 7(8) 9(11) 8 (8) 
Time to maximal decrease ın heart rate 16 (16) 16 (15) 25 (18) 
(mun) 
Ephednne (number of patients) 1 2 4 


blood pressure after adding epinephrine has not been 
described previously. Apart from profound analgesia redu- 
cing sympathetic activity, no other explanation is evident. 
The number of patients in this study may have been 
insufficient to detect other cardiovascular effects. 

Pruritus was noted in 40% (18 out of 45 patients), with no 
differences between the groups. Severe itching requiring 
antihistamines occurred in five patients (11%). 

These data are consistent with our previous report* and 
well below the 80-100% observed in obstetric studies.' ? 
Pregnant women may be more susceptible than elderly 
patients, possibly for hormonal reasons. Epinephrine did not 
decrease the incidence of pruritus in our patients, contrary to 
Camman and colleagues’ study, in which pruritus was 
reduced by 50% in the epinephrine group.° 

Postoperative nausea and/or vomiting was not statistic- 
ally different between groups. We found no greater 
incidence in the SUF+EPI group, in contrast to the finding 
of Camman and colleagues (0% without epinephrine vs 35% 
with epinephrine).® 

In conclusion, after total hip replacement, 1.t. sufentanil 
alone or mixed with epinephrine or clonidine provides 
excellent analgesia (a pain score of 0 was achieved in all 
patients investigated), with comparable onset and duration 
of action. Clonidine and epinephrine tend to decrease blood 
pressure, so we do not recommend adding these agents to 
sufentanil. 
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Background. The pharmacokinetic properties of remifentanil may allow a rapid analgesic 
action during painful procedures and short lasting postoperative respiratory depression. 


Methods. We carried out a randomized, blind, study in 60 patients to compare remifentanil 
(continuous i.v. infusion starting at 0.025 ug kg! min`!) and sufentanil (i.v. doses of 0.15 pg 
kg ') during extra-corporeal shock wave lithotripsy (ESWL). Pain was assessed using a 
numerica! palin scale (0-100), and pain relief was defined as a score <30. Respiratory depres- 
sion was defined as a ventilatory frequency less than!0 breaths min™' on two occasions or a 
peripheral oxygen saturation <92%, or administration of naloxone. 


Results. The quality of analgesia was similar in both groups, during and after ESWL. During 
ESWL, there was no significant difference in respiratory depression in the remifentanil and 
sufentanil groups (53 vs 73%, NS). The percentage of satisfied patients (73 vs 83%, NS) and sat- 
Isfied surgeons (97 vs 100%, NS) did not significantly differ between groups. After the proced- 
ure patients given remifentanil had less respiratory depression (20 vs 53%, P<0.05) and less 
nausea and vomiting (3 vs 20%, P<0.05). 


Conclusion. A continuous i.v. infusion of remifentanil provided comparable analgesia and 
caused less respiratory depression and nausea and vomiting than i.v. boluses of sufentanil in 
patients undergoing extra-corporeal shock wave lithotripsy. 
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Extra-corporeal shock wave lithotripsy (ESWL) is a 
non-invasive procedure that allows urinary stones to be 
broken using acoustic shock waves. The impact of the 
shock waves causes transient stinging pain at the entry 
site and deep visceral discomfort, requiring analgesia 
during the procedure, usually by giving doses of 
sufentanil to spontaneously breathing patients. 
Respiratory depression during the procedure is treated 
with oxygen supplementation and verbal stimulation. 
After ESWL, patients no longer have pain but respira- 


tory depression from the opioid can persist, requiring a 
stay in the postanaesthesia care unit (PACU), which can 
be long, depending on the amount of opioid given. 
Remifentanil is a new opioid with short elimination half- 
life,!? whose duration of action does not increase with 
increasing duration of admunistration because of rapid 
clearance and lack of drug accumulation.!? These proper- 
ties suggest that it may be particularly useful for ESWL with 
a rapid analgesic action during the painful procedure, and a 
very short duration of postoperative respiratory depression 
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that could reduce the duration of stay in the PACU. We 
performed a double-blind randomized study to compare 
sufentanil and remifentanil during ESWL. The primary end- 
point was the occurrence of respiratory depression in 
PACU. The quality of analgesia during the ESWL was the 
secondary end-point. 


Methods 


Patient selection 


After institutional review board approval, written informed 
consent was requested during the anaesthesia consultation, 
which was performed at least 48 h before ESWL. During 
this consultation, the assessment of pain was explained to 
the patient. Patients were asked to rate their pain on a scale 
from 0 (no pain) to 100 (worst possible). The criteria of 
inclusion were: patients undergoing only ESWL, American 
Society of Anesthesiologists’ (ASA) physical status I or I, 
and understanding of the pain score. We excluded patients if 
they were aged under 18 or had a major disability, a 
contraindication for using or allergy to opioids, severe 
chronic respiratory disease, a body mass index more than 35 
kg m™, tetraplegia or paraplegia, or if the surgery was 
emergency or involved other procedures such as installing a 
ureteric tube at the same time. 


Study design 
Oral premedication with hydroxizine (100 mg) was given 1 
h before ESWL. Just before entering the operating room, the 
patients were randomly assigned to one of the two treatment 
groups: remifentanil or sufentanil by opening a sealed 
envelope. During ESWL, patients blindly received one of 
the two analgesic treatments. In the sufentanil group, i.v. 
doses of sufentanil (0.15 ug kg") were given as long as the 
reported pain score was greater than 30. A period of more 
than 5 min between two boluses was required. In the 
remifentanil group, remifentanil infusion (0.025 ug kg” 
min‘) was given approximately 1 or 2 min before ESWL. 
The infusion rate was increased in steps of 0.025 pg kg” 
min! each time the reported pain score was greater than 30. 
A period of more than 5 min between two steps was 
required. To ensure appropriate blinding, in the remifentanil 
group, patients received 1.v. boluses of saline and a 
remifentanil infusion, whereas, in the sufentanil group, 
patients received a continuous infusion of saline and 
i.v. boluses of sufentanil. Moreover, when required, an i.v. 
bolus was given at the same time as the continuous 
i.v. infusion was increased. An anaesthetic nurse who did 
not take part in the care or the assessment of the patient 
prepared the solutions of the continuous infusion and 
boluses. 

During ESWL, heart rate, arterial pressure, ventilatory 
frequency, peripheral oxygen saturation, and assessment of 
pain were recorded every 5 min. The level of energy of the 


ESWL shocks was decreased if pain was too severe. The 
same series of measurements were recorded every 10 min 
during the PACU period. Patients stayed at least 1 h in the 
PACU. After 1 h, patients left the PACU when the 
anaesthesiologist had assessed complete recovery with the 
modified Aldrete score.‘ 


Study measurements 


The primary end-point was the occurrence of a respiratory 
depression in the PACU. The respiratory depression was 
defined as a ventilatory frequency less than 10 breaths min”! 
recorded at least two times (either in successive observa- 
tions or not), or oxygen saturation <92%, or administration 
of naloxone givea to treat severe respiratory depression 
(subjective clinical assessment by the anaesthesiologist). 
Oxygen supplementation (5 litre min’) was given during 
ESWL but not in the PACU, unless oxygen saturation was 
<92%. Respiratory depression during ESWL was also 
assessed using the same definition. 

Secondary end-points were the quality of intraoperative 
analgesia, and any adverse effects of opioids. Patients were 
asked to verbally rate their level of pain (by using a pain 
rating score cn a 1-100 scale) every 10 min throughout the 
procedure. Global patient satisfaction was scored on a three- 
point scale (completely satisfied, incompletely satisfied, and 
not satisfied) at the end of the procedure. Patients were 
recorded as satisfied only if they stated ‘completely 
satisfied’. The surgeon completed a similar assessment at 
the end of the procedure. The maximum energy level of the 
ESWL, the duration of the procedure, and the need to 
decrease the energy level because of patient pain were also 
noted. We also noted: duration of stay in PACU, adverse 
effects of opioids during the intraoperative and PACU 
periods (pruritus, nausea and vomiting, sedation, vertigo, 
chest rigidity defined as difficulty to breathe normally using 
subjective assessment by the patient, and urinary retention), 
heart rate, arterial pressure, oxygen saturation, and ventila- 


tory frequency. 


Statistical analysis 


Data are expressed as mean (SD) or median (extremes) for 
non-Gaussian variables, and numbers (percentages). 
Comparison cf two means was performed using Student’s 
t-test. Comparison of two medians was performed using the 
Mann-Whitney test. Comparison of two percentages was 
performed using Fisher's exact method. As most patients 
had low values for pain, neither the mean nor the median 
could appropriately describe the variable. Thus, only the 
number of patients with pain relief (score <30) were used 
for comparison between groups. 

In a preliminary study of 20 consecutive patients given 
sufentanil, we observed that respiratory depression in the 
PACU occurred in 50% of cases. Thus, assuming o=0.05, 
B=0.10, and a reduction of the incidence of respiratory 
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depression in the PACU from 50 to 10% with remifentanil, 
we calculated that at least 50 patients should be included.° 
Randomization was done with a random number table. All P 
values are two-tailed and a P value of <0.05 was considered 
significant. Statistical analysis was performed on a com- 
puter using NCSS 6.0 software (Statistical Solutions Inc., 
Cork, Ireland). 


Results 


Patient characteristics were not obviously different in the 
two groups (Table 1). The total dose of remifentanil was 221 
(139) ug (range 47-625 ug) and the total dose of sufentanil 
18 (7) ug (range 10-40 ug). During ESWL, there was no 
significant difference in the incidence of respiratory 
depression (53 vs 73%, NS) between the groups. 
Sumilarly, there was no significant difference in the quality 
of analgesia provided in the two groups (Fig. 1A). Only four 
patients reported some difficulty in breathing, but these 


Table 1 Characteristic of the patients Data are mean (SD), [range], median 
{extremes} or number 


Sufentanil Remifentanil 
(n=30) (n=30) 
Age (yr) 46 (15) [23-73] 51 (17) [19-82] 
Height (cm) 171 (7) 170 (8) 
Weight (kg) 76 (15) 74 (14) 
Body mass index (kg m’) 25 8 (3.8) 25 8 (43) 
Sex 
male 22 22 
female 8 8 
Indication of ESWL 
ureteral lithiasis 14 12 
calix lithiasis 16 18 
Position during ESWL 
supine 27 26 
prone 3 4 
Duration of ESWL (mun) 34 {15-60} 35 {15-110} 
Maximum ESWI. energy (kJ) 18 (1) 17 (1) 
13 (43) 10 (33) 


Lowering of ESWL energy 


difficulties were of moderate intensity and all patients find it 
acceptable. There were no significant differences between 
the two groups. 

In the PACU, patients given remifentaml had less 
respiratory depression, nausea and vomiting, than those 
given sufentanil (Table 2). No patient required naloxone. 
There was no significant difference in the quality of 
postoperative analgesia (Fig. 18). There were no significant 
differences in the percentages of satisfied patients (73 vs 
83%, NS) and satisfied surgeons (97 vs 100%, NS). 


Discussion 
Remifentanil and sufentanil were equally effective in 
providing analgesia and patient and surgeon satisfaction 
during ESWL, but remifentanil caused less respiratory 
depression and was associated with a lower incidence of 
nausea and vomiting, compared with sufentanil. 
Remifentanil given along with propofol has been studied 
1n patients spontaneously breathing via a laryngeal mask.®” 
These studies showed that the remifentanil doses required 
for general anaesthesia under propofol are not compatible 


Table 2 Oproid-related adverse effects Data are number *P<005 vs 
sufentanil group ‘No patient required naloxone Spo, peripheral oxygen 
saturation 


Sufentanfl remifentanil 
(n=30) (n=30) 
Pruntus 2 2 
Nausea and vonuting 6 1* 
Vertigo 3 2 
Unnary retention 0 0 
Chest ngidity 1 3 
Postoperative respiratory depression" 
Spo, =92% 7 2 
ventilatory frequency <10 min! 12 4 
both 3 0 
total 16 6* 





| | Remifentanil 
NS 
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Pain relief (9%) 
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Fig 1 Percentage of patients with pain relief (defined as a reported pain score =30) im the remifentanil (n=30) and sufentanil groups (n=30) during 
ESWL (a) and in the PACU (B) Analysis during ESWL was limited to the first 30 min because the median duration was only 30 min. 
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with spontaneous ventilation. A technique with ventilation is 
more appropriate with this potent combination of respiratory 
depressant drugs. Only a few studies have used remifentanil 
alone in spontaneously breathing patients. Getsztesi and 
colleagues® compared remifentanil with other opioids 
during ESWL in spontaneously breathing patients without 
any airway protection and showed that more patients had 
low respiratory frequencies with remifentanil, but they 
obtained analgesia without any major respiratory depres- 
sion. However, propofol was also given in this study.® In the 
same way, remifentanil provided adequate analgesia for 
ambulatory surgery without any respiratory depression at a 
dose of 1 pg kg! followed by a continuous infusion of 0.1 
ug kg min. However, in this study an injection of local 
anaesthetic was required to perform the surgery.” To our 
knowledge, remifentanil has never been studied previously 
as a single agent for spontaneously breathing patients. 
Moreover, the manufacturer does not recommend using 
remifentanil during spontaneous ventilation. In healthy 
volunteers, remifentanil reduced the slope of the ventilatory 
response to carbon dioxide and the maximum ventilatory 
depression occurs 2.5 min after a single loading dose of 0.5 
ug kg.’ The onset of respiratory depression appears to be 
more rapid than the onset of remifentanil-induced electro- 
encephalographic slowing,'! so patients could be apnoeic 
but awake. In our study, we started the infusion of 
remifentanil 1 or 2 min before ESWL, so the peak effect 
of drug on ventilation and pain coincided with the stimu- 
lation of surgery, and this probably limited the occurrence of 
respiratory depression. Premedication with hydroxizine may 
have also contributed to the moderate respiratory depression 
observed in our study. 

Compared with previous studies, we used lower doses of 
remifentanil (0.025 pg kg’), which provided adequate 
analgesia for ESWL, which is not a very painful procedure. 
The doses allowed the prevention of intraoperative respira- 
tory depression. Moreover, ESWL is not painful post- 
operatively. Remifentanil is the ideal opioid for this because 
its short half-life avoids adverse effects, including respira- 
tory depression after the procedure time. The quality of 
analgesia provided was satisfactory for the patients and the 
surgeons. Less nausea and vomiting seen with remifentanil 
(Table 2) have not been described before to our knowledge, 
this is a clear advantage. 

A potential shortcoming of our study is that we did not 
determine the ventilatory response to oxygen and carbon 
dioxide unlike Babenco and colleagues’® in their study in 
healthy volunteers. We chose ESWL, because even if it is 
only mildly painful, it is an interesting ‘model’ of surgery, 
which is only painful during the intraoperative period. In 
fact, a modern system of ESWL installed in our hospital 1s 
not painful and no analgesia is now required. Nevertheless, 
the doses needed to obtain pain relief in our study were not 
negligible: 10-40 pg for sufentanil and 47-625 ug for 
remifentanil. Remifentanil has been recently advocated for 
short procedures such as minor gynaecological surgery," 


prostatic and vesical biopsies,!* breast biopsies, and 
coronary percutaneous’ revascularization.’* Although, we 
did not observe any severe adverse events, the power of our 
study to detect these is severely limited by the small sample 
and larger studies are needed to establish safety, 

In summary, we found that, remifentanil used in equi- 
analgesic doses caused less respiratory depression after the 
procedure than sufentanil when used for ESWL. We suggest 
that remifentanil is useful for this type of surgery (not 
painful after the procedure) and will reduce or even avoid 
stay in the PACU. 
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Background. Malignant hyperthermia (MH) ıs a potentially lethal disease triggered by volatile 
anaesthetics and succinylcholine in genetically predisposed individuals. Because of the heteroge- 
netic nature of MH, a simple genetic-based diagnostic test is not feasible and diagnosis requires 
an invasive open muscle biopsy followed by the in vitro contracture test (IVCT). Our aim was 
to establish if measurements of halothane-induced increases in intracellular calcium ion concen- 
tration [Ca”"], in cultured human skeletal muscle cells can be used to phenotype MH suscepti- 
bility and f different mutations in the ryanodine receptor (RYRI) gene affect halothane-induced 
increases in [Ca”"J,. 


Methods. Primary cultures of human skeletal muscle cells were established from 54 individuals 
diagnosed by the IVCT according to the protocol of the European MH Group as: MH suscep- 
tible (n=22), MH negative (n=18) or MH equivocal (n=14). All individuals were screened for the 
presence of the most common mutations in the RYRI gene. [Ca”*], was measured by fluores- 
cent digital microscopy using fura-2/AM in 10 cells from each patient at five different halothane 
concentrations. 


Results. The halothane-induced increase in [Ca?*], differed significantly between the three 
diagnostic groups. Different mutations of the RYRI gene did not have a specific impact on 
halothane-induced increases in [Ca’"].. 


Conclusions. Measurements of [Ca”*], in human skeletal muscle cells can be used to pheno- 
type MH susceptibility; however, we did not observe a specific effect of any mutation in the 
RYRI gene on the halothane-induced increase in [Ca], 
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Malignant hyperthermia (MH) ıs a pharmacogenetic disease 
triggered by halogenated anaesthetics and succinylcholine 
in predisposed individuals.’ The incidence of MH epi- 
sodes is about 1 in 15 000 anaesthetics in children and 1 in 
50 000 in adults, although these figures may underestimate 
the true prevalence, since many reactions occur in patients 
who have previously come into contact with trigger agents 
and had uneventful anaesthesia.* > Symptoms characterizing 
an impending MH crisis include a rapid and sustained 
increase in body temperature, skeletal muscle ngidity, 
acidosis, rhabdomyolysis and tachycardia® or any combin- 


ation of the above (see review by Gronert and colleagues’). 
If such a reaction is not recognized in its early phases and 
treatment quickly initiated, the patient is likely to die. 

In their daily lives MH-predisposition does not pose a 
threat to MH-susceptible (MHS) individuals, so the major 
goal of MH diagnostics is to identify susceptible individuals 
before the administration of trigger agents.” To date the 
gold standard of MH diagnosis is the in vitro contracture test 
(IVCT). This invasive procedure involves an open muscle 
biopsy and in vitro challenge of muscle strips with 
halothane or caffeine. According to the guidelines of the 
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Table 1 Famuy of ongin (a capital letter indicates members belonging to the same famuly, the absence of a letter mdicates single members of a family), 
identification of malignant hyperthermia (MH)-linked ryanodine receptor (RYR1) mutation and in vitro contracture test (IVCT) of muscle biopsies MHN=MH 


negative; MHS=MH susceptible, MHE=MH equivocal 








IVCT - halothane IVCT - caffeine 

Threshold (%) Contracture (g) Threshold (mM) Contracture (g) 
Number Status Family RYR1 mutation at 2% at 2 mM 
1 MHN A >3 0.05 >4 0 
2 MHN A >3 015 4 0 
3 MHN A >3 005 >4 0 
4 MHN B 3 0.15 > 01 
5 MHN C >3 0.1 >4 01 
6 MHN c 3 015 4 0 
7 MHN D >3 015 >4 0 
8 MHN D 3 01 4 0 
9 MHN D >3 005 >4 0 
10 MHN D >3 0.05 >4 0.05 
li MHN D >3 0.05 >4 0.05 
12 MHN D >3 005 >4 005 
13 MHN >3 0.1 4 0 
14 MHN >3 0.05 >4 0 
15 MHN >3 01 >4 01 
16 MHN >3 0.1 >4 0 
17 MHN >3 0 4 01 
18 MHN >3 0.05 4 005 
1 MHE A Arg614Cys 1 085 3 0 
2 MHE A 1 115 4 0.05 
3 MHE B 2 0.35 4 0.05 
4 MHE B 1 04 4 01 
5 MHE Cc 1 17 3 0 
6 MHE D 2 0.3 4 0 
7 MHE E 1 07 4 0 
8 MHE E 1 1 3 0.05 
9 MHE 2 03 >4 01 
10 MHE 05 13 3 0.1 
11 MHE 2 0.3 >4 0.05 
12 MHE 1 1.35 3 005 
13 MHE 2 04 4 005 
14 MHE 1 085 3 0.05 
1 MHS A Arg614Cys 05 51 05 27 
2 MHS B Gly2434Arg 05 1,3 2 025 
3 MHS C Val2168Met 05 51 15 12 
4 MHS Cc Val2168Met 05 46 1.5 2.7 
5 MHS C Val2168Met 0.5 45 1 2.35 
6 MHS Cc Val2168Met 05 21 1.5 1.35 
7 MHS D Val2168Met 05 375 1 1.45 
8 MHS D Val2168Met 0.5 265 1 165 
9 MHS E 0.5 39 1 19 
10 MHS F Val2168Met 1 1.45 2 0.2 
11 MHS F Val2168Met 0.5 355 1 2.25 
12 MHS G 0.5 35 15 04 
13 MHS G 05 305 15 065 
14 MHS G 1 1.6 0.5 16 
15 MHS G 05 2.6 1 13 
16 MHS Val2168Met 05 18 2 0.8 
17 MHS Arg2458Cys 05 1 15 0.7 
18 MHS I z 15 0.4 
19 MHS 0.5 1.95 1 13 
20 MHS Val2168Met 0.5 17 15 0.7 
21 MHS Val2168Met 1 1.05 1 13 
22 MHS 1 0.9 2 025 





European MH Group, patients are then diagnosed as MHS 
or MH negative (MHN) on the basis of contractile threshold 
and sensitivity of the muscle bundles to halothane and 
caffeine. If contracture is achieved only with either caffeine 
or halothane, the patient is diagnosed as MH equivocal 
(MHE).6? 


The underlying cause of MH is an abnormality in skeletal 
muscle calcium metabolism.!°!! Therefore, alterations in 
proteins involved in the regulation of the intracellular 
calcium concentration ({Ca?*},), such as the calcium pump, 
the calcium release channel or other proteins implicated in 
excitation—contraction coupling, could potentially cause 
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Fig 1 Average peak change (A) in [Ca?"], induced by different halothane 
concentrations in human skeletal muscle cells. Single-cell intracellular 
calcium measurements were performed with the fluorescent calcium 
indicator fura-2/AM, using a Zeiss ımagıng system attached to an 
Axiovert fluorescent microscope, as described in the Methods section 
Results are mean (SEM); the number of cells measured ranged between 
132 and 246 for each halothane concentration and diagnostic group The 
halothane-induced increase in [Ca?*], was significantly different between 
the three diagnostic groups (P<0.001) and between the different 
halothane concentrations (P<0.0001; repeated measurements ANOVA) 
Fisher’s PLSD post-hoc test revealed significant differences (P<0 001) 
between all halothane concentrations, with the exception of 3.9 vs 
4.6 mM. 


- MH. Studies into the molecular mechanisms underlying this 
disease have demonstrated that the ryanodine receptor 
(RYR1) gene on human chromosome 19q is the primary 
locus of MH.”’!*Mutation screening has identified more 
than 30 mutations in the RYRI1 gene so far. Although 
approximately 50% of MH families have mutations in the 
RYRI gene, linkage studies have revealed that this is a 
heterogenetic disease.’ ie 

The aim of the present study was to determine if 
halothane-induced increases in [Ca?*], in human skeletal 
muscle cells can be used to phenotype MH susceptibility 
and if different mutations in the RYR1 gene have a distinct 
effect on the halothane-induced increases in [Ca?*],. 


Methods 


Study protocol 


In order to determine if halothane-induced increases in 
[Ca”*], in human skeletal muscle cells can be used to 
phenotype MH susceptibility, we compared the results 
obtained by the IVCT with results obtained by measuring 
the halothane-induced increase in [Ca]; in cultured 


skeletal muscle cells. Patients included in the study were 
tested by the IVCT according to the protocol of the 
European MH Group.’ On the same day, primary skeletal 
muscle cell cultures were established from surplus frag- 
ments of the muscle biopsies. For each patient, increases in 
[Ca?*], were measured in 10 muscle cells after exposure to 
3.9, 4.6, 5.7, 7.2 or 8.6 mM halothane. These concentrations 
were chosen because in a previous study’” we found that the 
biggest differences in [Ca?*], between cells from MHS and 
MHN individuals were obtained in this range of halothane 
concentrations. 

In order to determine if different mutations have a 
different effect on halothane-induced increases in [Ca], 
all patients were screened for nine of the most common 
mutations in the RYR1 gene (described below) and the 
increases in [Ca*]; in subjects carrying different mutations, 
as well as in subjects carrying the same mutation in the 
RYRI1 gene, were analysed and compared. 


Patient selection 


We selected 54 patients from 26 families with a positive 
history of MH without clinical signs of neuromuscular 
disease. The age range of the patients was 8-59 yr. Twenty- 
two patients were diagnosed as MHS, 18 as MHN and 14 as 
MHE by IVCT. Patients were classified as MHS if a 
contracture force =0.2 g was elicited by at least 2% 
halothane and 2 mM caffeine, as MHE if a contracture force 
20.2 g was elicited only by either caffeine or halothane, and 
MHN if contractures =0.2 g were not reached with either 
trigger agent. The characteristics of the individuals involved 
in this study, including contractures obtained from the 
muscle strips during the IVCT, family of origin and 
mutation found are given in Table 1. 

The protocol for the study was approved by the 
University of Basel Hospital Ethics Committee and written 
informed consent was obtained from patients. 


Materials 


Dulbecco modified Eagle (DME) medium containing 4.5 
mg ml} glucose, fetal calf serum (FCS), horse serum, 
penicillin G and streptomycin was purchased from Life 
Technologies Ltd, Paisley, UK. Insulin was purchased from 
Eli Lilly and Co., Indianapolis, IN, USA. Cell culture 
material was from Becton Dickinson GmbH, Heidelberg, 
Germany. Halothane was from Halocarbon Labs, Inc, 
Hackensack, NJ, USA. The mammalian blood DNA isol- 
ation kit and Taq polymerase and DNA restriction enzymes 
were from Roche Molecular Biochemicals (Basel, 
Switzerland). The kit for DNA isolation from tissue was 
from Machery-Nagel GmbH, Duren, Germany The poly- 
merase chain reaction (PCR) purification kit was from 
Qiagen GmbH, Hilden, Germany. Fura-2/AM and ionomy- 
cin were from Sigma Chemical Co., St Louis, MO, USA. 
Primers were from Microsynth GmbH, Balgach, 
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Table 2 Halothane-induced changes (A) in [Ca], 340/380 nm ratio and integral calcium ın primary cultures derived from MHN indrviduais: definition of 














cut-off values 

Percentile 
Halothane concentration (mM) n 50th 75th 90th 95th 97th 
A [Ca], 
39 198 31 506 851 110.3 1172 
4.6 198 47 74 101 127 1379 
5.7 205 727 1055 167 203.5 230 6 
72 178 106 1586 239 2 310.4 507.2 
86 173 139.5 265.6 391.4 513.8 5705 
A 340/380 nm ratio 
39 198 007 , 009 0.13 015 0176 
46 198 0.09 013 017 0 201 0233 
57 205 0.13 0.187 0.27 0 347 0 409 
72 178 02 0.28 035 0 376 043 
86 173 025 0422 057 0677 0733 
Integral calcium 
3.9 220 25 48 75 91 99 
4.6 209 38 7.6 104 117 128 
57 206 43 96 12 15.3 183 
72 216 8.7 135 22 28.7 31.1 
86 206 131 23.3 347 409 456 








Table 3 Diagnosis of MH suscepubility by single-cell calcium measurements (changes m (A)[Ca?*], 340/380 nm ratio and integral calcium) compared with 
in vitro contracture test (IVCT)-based diagnosis. MHN=MH negative, MHS=MH susceptible, MHE=MH equivocal 


Diagnosis by IVCT 

MHN MHE MHS 

(n=18) (=14) (n=22) 
A [Ca?™], >95th percentile 1 (6%) 4 (29%) 15 (68%) 
A [Ca] , 97th percentile 0 2 (14%) 11 (60%) 
A ratio >95th percentile 1 (6%) 5 (36%) 15 (68%) 
A ratio >97th percentile 1 (6%) 4 (29%) 13 (59%) 
Integral calcium >95th percentile 2 (11%) 7 (50%) 12 (55%) 
Integral calcium >97th percentile 1 (6%) 5 (36%) 11 (50%) 


Switzerland. All other chemicals were reagent grade or of 
highest available grade. 


Human skeletal muscle cell cultures 


Primary human muscle cell cultures were established from 
surplus fragments taken from biopsies of patients undergo- 
ing diagnostic IVCT as described previously.'” Cells were 
grown in DME, 10% horse serum, insulin 5 ng mit, 2 mM 
glutamine, antibiotics and 7 mM HEPES, pH 7.4 (pro- 
liferative medium) under standard cell culture conditions. 
For cryopreservation, about 10° cells were resuspended in 
DME containing 40% FCS and 10% DMSO and were stored 
in liquid nitrogen. 


[ Ca** Ji measurements 


For measurements of [Ca], cells were trypsinized and 
transferred from tissue culture flasks to glass coverslips and 
allowed to grow in proliferative medium until groups of 


cells were visible. We have previously demonstrated that 
under these culture conditions the cells acquire skeletal- 
muscle-specific proteins such as sarcomeric o-actinin and 
type-1 RYR,’’ although they do not fully differentiate into 
multinuclear myotubes. Such primary cultures exhibit a 
degree of variability in the maturity of individual cells. 
Cells to be tested were loaded with the fluorescent 
calcium indicator fura-2/AM. Single-cell calcium measure- 
ments using fluorescence microscopy were performed on 10 
cells before and after the addition of halothane. A new 
coverslip containing fura-2/AM-loaded cells was used for 
each halothane concentration. For each experiment a total of 
72 digital images were recorded at excitations of 340 and 
380 nm and the ratio calculated, as per our previous study.” 
The values obtained during the first 10 cells (i.e. before the 
application of halothane) were used to calculate the resting 
[Ca**],. Values were then taken during halothane perfusion 
as well as after addition of EGTA/ionomycin and calcium 
ions to obtain Rmn (the value obtained in the presence of 
EGTA) and Rmax (the value obtained in the presence of high 
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Fig 2 Receiver operating characteristic (ROC) curve companng the 
diagnostic results of [Ca?*], measurements at different cut-off values 
(50-99th percentile) with IVCT diagnosis. The curve shows sensitivity 
and specificity of the [Ca”*], measurements for the diagnosis of MH 
susceptibility 


calcium after the addition of ionomycin). Each run lasted 
approximately 6 mun, including the time taken to run the 
calibration at the end of the experiment. Halothane in 
DMSO was administered at the indicated concentrations 
from a gas-tight vial by means of a roller pump. Its actual 
concentration was verified by gas chromatography in 
several test runs using fixed flow rates, temperature and 
tubing. Calibration was performed using the EGTA/ 
ionomycin/manganese chloride method.'* The changes ın 
fluorescence were converted into [Ca**], using the formula 
[Ca?*],=[kp X (R-Raun)/(Rmax-R)] XS£2/Sb2, where kp (dis- 
sociation constant) of fura-2/AM was assumed to be 225 nM 
and Sf2 and Sb2 are the fluorescent values for Ca?” free (f) 
and bound (b) of the indicator. These values are a constant. 

The ratios were analysed and converted into [Ca”*], 
values (nM) using a programmable database application 
(Omnis 7/3 from Blyth Holding Inc., Suffolk, UK). The 
increase ın [Ca], was determined by the difference 
between resting [Ca?*], and peak [Ca”*], after the addition 
of halothane. The whole transient elicited by a given 
halothane concentration was used to calculate the integral 
calcium, which reflects the total amount of calcium 
teleased. 


Mutation screening 

Screening for the presence of nine of the most frequent MH- 
linked mutations (Argl63Cys, Gly341Arg, Arg614Cys, 
Arg6i4Leu, Arg2163Cys, Val2168Met, Gly2434Arg, 


Arg2458Cys, Arg2458His) was performed by genomic 
DNA PCR amplification followed by restriction enzyme 
digestion and polyacrylamide gel electrophoresis. Total 
genomic DNA was isolated from either peripheral blood or 
muscle fragments not used for IVCT. PCR conditions and 
primer sequences were as described previously.!? 


Statistical analysis 


The [Ca?*], measurements from the three diagnostic groups 
were compared using repeated measurements ANOVA. 
Within each halothane concentration, the results from the 
three diagnostic groups were compared using Fishers’s 
protected least significant difference (PLSD) post-hoc test. 

To determine normal [Ca”*], values, all measurements of 
the MHN cells were pooled and median values, as well as 
75th, 90th, 95th, 97th and 99th percentiles, were calculated 
for each halothane concentration. These percentile values 
were used to define different cut-off values. Median values 
were calculated for each individual at the five halothane 
concentrations and compared with the cut-off values defined 
by the MHN population. If the cut-off value was exceeded at 
any concentration of halothane, the patient was classified as 
MHS. 

StatView (SAS Institute Inc., Cary, NC, USA) was used 
for statistical analysis. 


Results 


MH phenotyping by [Ca’* ], measurements 


We investigated intracellular calcium homeostasis in pri- 
mary skeletal muscle cells obtained from 22 individuals 
diagnosed as MHS, 14 individuals diagnosed as MHE and 
18 individuals diagnosed as MHN by IVCT, according to 
the European MH Group protocol. Single-cell [Ca?*], 
measurements were performed at the five halothane con- 
centrations in 10 fura-2/AM-loaded cells, the fluorescent 
changes induced by halothane were converted into [Ca?*], 
values by performing signal calibration at the end of each 
experiment. Some cells contracted when high intracellular 
calcium concentrations were reached, so the fluorescence 
signal could not be calibrated. These cells were therefore 
excluded from Figure 1, in which we show the peak [Ca?*], 
induced by halothane. The results depicted in Figure 1 show 
that halothane-induced increases in [Ca], in primary 
skeletal muscle cells differed significantly between MHS, 
MHE and MHN individuals. The increases in [Ca**], were 
dose dependent (P<0.0001; repeated measurements 
ANOVA; Figure 1). In addition, the increases in [Ca?*], in 
muscle cells from MHS and MHE individuals were shifted 
to lower halothane concentrations when compared with 
cells from MHN individuals (P<0.0001; repeated measure- 
ments ANOVA, Figure 1). Fishers PLSD post-hoc test 
revealed significant differences (P<0.001) between all 
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halothane concentrations, with the exception of 3.9 vs 
4.6 mM. 

Cut-off values for the determination of MH susceptibility 
by [Ca?*}, measurements were calculated on the basis of 
results from the individuals diagnosed as MHN by the IVCT 
and are presented in Table 2. Using the 95th percentile as a 
cut-off value, MH susceptibility was diagnosed by meas- 
urements of [Ca”*], in 15 of 22 MHS patients (68%), 4 of 14 
MHE patients (29%) and 1 of 18 MHN patients (6%) 
(Table 3). We calculated sensitivity and specificity by 
comparing results obtained by the [Ca], measurements 
with results obtained by the IVCT. Using the 95th percentile 
as a cut-off value, the specificity was 0.94 (95% confidence 
intervals [CI] 0.73 to 1.0, Table 3, Fig. 2) and the sensitivity 
was 0.68 (95% CI 0.45 to 0.86). Taking into account that the 
specificity of the IVCT using the European MH Group 
protocol is 0.93,”° the actual number of MHS could be 20 
instead of 22. This would increase the sensitivity of [Ca?*], 
measurements to 0.75 (95% CI 0.51 to 0.91). 


Effect of RYRI gene mutations on halothane-induced 
increases in [Ca]; 


We next investigated whether the presence of different 
RYRI1 gene mutations has an impact on halothane-induced 
(Ca**], transients and whether cells from different patients 
carrying the same mutation respond in a similar way. 
Figure 3 shows a box plot of the halothane-induced [Ca?™, 
transients (peak [Ca“*], and total amount of [Ca], 
released) from individuals carrying four different MH- 
linked mutations. The increase in [Ca?*], is particularly 
evident at halothane concentrations =5.7 mM and was 
irrespective of the mutation. 

The halothane ‘trigger concentration’ appears to vary 
between individuals with different mutations. !°?! In order 
to study if this is specific for a given mutation or a more 
general phenomenon, we analysed the halothane-induced 
peak [Ca”*], in cells obtained from unrelated individuals 
carrying the same Val2168Met mutation. Halothane trigger 
concentrations and peak [Ca**], were different in these 
unrelated individuals (Fig. 4), suggesting that the genetic 
parse ond influences the halothane-induced increase in 
[Ca]. 


Discussion 
In the present report we show that halothane-induced 


increases in [Ca?*], in human skeletal muscle cells can be 
used to phenotype MH susceptibility. However, our results 


show that different mutations in the RYRI gene have no 
specific effect on halothane-induced increases in [Ca]. 
Measurements of halothane-induced increases in [Ca’*], in 
human skeletal muscle cells confirmed the IVCT diagnosis 
of MH susceptibility in 15 of 22 MHS individuals (68%) 
when the 95th percentile of the values obtained from the 
MHN population was used as a cut-off value. Taking into 
account that the specificity of the IVCT following the 
protocol of the European MH Group is 0.93, this could 
reduce the number of MHS individuals to 20, leading to an 
increase in the number of coinciding MHS diagnoses (15 of 
20, 75%). Only one MHN individual exceeded the 95th 
percentile cut-off value. This discordance could be due to 
either a wrong IVCT diagnosis or oversensitivity of 
diagnosis based on measurements of halothane-induced 
increases in [Ca]. 

In seven of 22 individuals the IVCT diagnosis of MHS 
could not be confirmed by halothane-induced increases in 
[Ca?*],. This could be due to either a reduced specificity of 
the IVCT (not every MHS diagnosis can be confirmed by 
molecular genetic analysis), or to an overestimation of the 
halothane-induced increases in [Ca*], of the true ‘normal’ 
population—in the present study ‘normal’ [Ca], values 
were obtained from individuals from MHS families, not 
from non-MH-linked individuals. 

In this study we confirm and extend our previous results. 
In fact, our earlier work was based on observations carried 
out on two MHS subjects and three MHN subjects while in 
this study we also included 14 MHE individuals, and the 
number of patients involved was 10 times larger. In the 
study by Censier and colleagues,” we observed that the 
maximum difference between MHS and MHN, as far as 
halothane-induced increases in [Ca], are concerned, 
occurred at halothane concentrations of 5.7-9.5 mM. In 
addition, we confirm that the mean increase in [Ca?*], of 
cells from MHN individuals occurring at 8.6 mM halothane 
is similar to that of cells from MHS individuals at 5.7 mM 
halothane (203 nM vs 167 nM, respectively; P=0.269, 
student’s t-test for unpaired samples). 

The response of cells presented in our previous 
report’ seem to be different from those found in this 
study. In the present study we examined a larger sample 
than previously and we believe that the values obtained 
are more likely to represent the MHN population. We 
would like to point out that it is very important to 
perform [Ca?*], measurements at several halothane 
concentrations and we suggest concentrations ranging 
around 5.7 mM since this 1s the concentration where 
maximal differences can be observed. 





Fig 3 Halothane-induced [Ca], response of cultured human skeletal muscle cells for four individuals Single-cell [Ca?*), measurements were 
performed as described ın Figure 1. The box plot shows median peak A [Ca**], and median total calcium release induced at each halothane 
concentration, together with 10th, 25th, 75th and 90th percentiles. Panels A, C, E and G show the peak [Ca], panels B, D, F and H show total amount 
of calcium released (arbitrary units, a.u.) by halothane in individuals carrying the indicated RYR1 mutation. Mutation screening was performed as 


described in the Methods section 
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Fig 4 Halothane-induced [Ca’*], response of cultured human skeletal muscle cells from single members of four families carrying the same 
Val2168Met mutation (families D, C and F ~ as given in Table 1; the individual shown ın panel a was the only member of this family vestigated). 
Median peak A [Ca?*], induced by each halothane concentration, together with 10th, 25th, 50th, 75th and 90th percentile are shown ın the box plot. 


Conditions are described in the legend to Figure 1 


In this study we used small fragments of tissue (2-4 mm?) 
left over from muscle biopsies. We have already assessed 
the feasibility of obtaining primary cultures from needle 
biopsies (unpublished observations). This approach offers 
obvious physical advantages for the patients, as well as 
being cheaper. Obviously there are some limitations in the 
use of this novel approach: (i) the need for cell culture and 
fluorescent calcium imaging facilities, (ii) the fact that cells 
cultured from the biopsies give rise to heterogeneous cell 
populations that do not respond to halothane in a uniform 
way, (iii) not all individuals diagnosed as MHS by IVCT 
had an halothane-induced increase in [Ca**], beyond that of 
the MHN population. 

As to the future of MH diagnostics, one can envisage that 
individuals from families with defined mutations could first 
undergo genetic testing.” If no mutation is found, they 


could undergo a skeletal muscle needle biopsy followed by 
measurements of halothane-induced increases in [Ca**],. If 
measurements of [Ca**], do not reveal MH susceptibility, 
then an IVCT could be performed. With this less invasive 
and stepwise approach, the high sensitivity of the IVCT and 
thus the high safety level of MH diagnostics is maintained. 
In fact if these criteria were used, only three of the 22 MHS 
individuals and seven of the 14 MHE individuals would still 
require the invasive IVCT. For the time being, however, all 
the MHN individuals would still require [VCT testing. 
The common final pathway for MH is the loss of the fine 
regulation of calcium homeostasis in muscle cells. The 
present investigation is not only potentially important from 
a clinical point of view, but also from a biological one. In 
fact, it indicates that although a variety of factors such as 
metabolic processes, muscle training, protein composition 
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and enzyme activation may influence the IVCT (at least as 
far as contracture force is concerned), there is an intrinsic 
‘defect’ in the machinery involved in [Ca**], homeostasis in 
MHS individuals. Each individual may compensate for the 
molecular defect in a variety of ways, which may be 
influenced by the specific mutation present as well as other 
genetic and ‘environmental’ factors. This hypothesis is 
supported by the fact that the halothane-induced changes in 
[Ca?*], in cells from MHS individuals bearing the same 
point mutation but with a different genetic background do 
not coincide, and because MHS individuals with RYRI 
mutations do not undergo MHS reactions at every contact 
with trigger agents.4> Our results also show that the 
penetrance of a given mutation varies between individuals. 
This observation would be expected in view of the fact that 
the RYR must assemble as a tetramer in order to function as 
a calcium channel. The results of this study, as well as data 
from IVCT, tend to favour the hypothesis that mutated 
channels are probably randomly distributed, giving rise to 
‘heterogeneous’ responses, but the presence of a single 
mutated channel is sufficient to confer the MHS phenotype. 
This hypothesis is supported by our previous work,” in 
which the normal phenotype was not reconstituted by 
transfecting MHS cells with wild-type channels, 

In conclusion, measurements of [Ca?*], may be useful in 
mcreasing the accuracy of MH phenotyping and may 
therefore be used as a complementary method for the 
diagnosis of MH susceptibility. 
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Background. Burned patients demonstrate resistance to the effects of non-depolarizing 
blocking drugs as a result of acetyicholine receptor changes. They also have decreased activity 
of plasma cholinesterase (PCHE), which metabolizes mivacurium. We hypothesized that 
decreased PCHE activity would decrease metabolism of mivacurium, and counteract the 
receptor-related resistance following burns. 


Methods. Thirteen burned patients and six controls, aged [3-18 yr were followed in 27 stud- 
les. The burned patients were sub-classified as having 10-30% or >30% body surface area burn 
and were studied whenever possible at <6 days, and at |—-12 weeks after the burn. Mivacurium 
pharmacodynamics were examined following a bolus (0.15 mg kg™') dose, and during and after 
a continuous infusion. 


Results. Following a bolus, the onset time and the maximal effect were similar to controls. 
Recovery was prolonged In the 10-30% burn group at 1—12 weeks (P<0.008), with a similar 
trend in the >30% burn group at <6 days (P<0.082) compzred with controls. The infusion 
requirements for mivacurlum were not increased in the burned groups. The PCHE activity was 
decreased in all burn groups and was inversely related to recovery following the bolus (r=0.73, 
P<0.001) and the Infusion (r=0.69, P<0.001). 


Conclusion. in contrast to previous studies with non-depolarzers in burned patients, normal 
mivacurium doses can produce paralysis, at least as rapidly as in controls, but with a possibility 
of a prolonged recovery from block. The standard dose of mivacurium in the presence of 
decreased PCHE activity is In effect, a relative overdose that explains the above findings. 
Mivacurium Is an effective drug for use In burns, irrespective of time after, or magnitude of 
burn injury. 
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Typically, burned patients exhibit resistance to the effects of 
non-depolarizing neuromuscular blocking drugs.'? This 
resistance is usually seen in patients with =25-30% total 
body surface area (TBSA) burn, and it takes approximately 
1 week to develop. The resistance to non-depolarizing 
neuromuscular blocking drugs is mostly related to qualita- 
tive changes (mature to immature receptor isoform conver- 
sion), and quantitative increases in the numbers of 
receptors.) * Mivacurium is a short-acting non-depolarizing 
neuromuscular blocking drug, which undergoes hydrolysis 


by the enzyme plasma cholinesterase (PCHE). Burned 
patients have decreased PCHE activity.? This decreased 
enzyme activity is dependent on the magnitude of, and time 
after, burn injury.’ We have recently found a lack of 
resistance to mivacurium chloride in 2- to 12-yr-old patients 
with burn injury, when recommended doses of the drug 
were administered.> A comparison of PCHE activity vs 
recovery from neuromuscular block indicated an inverse 
relationship between the two variables. An important 
variable affecting the response to drugs is age, and in 
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addition to others, we have shown neuromuscular responses 
to be different between children and adolescents.® 
Therefore, as an extension of the study in children, we 
present data relating to the neuromuscular effects of 
muvacurium in 13- to 18-yr-old adolescents. In the present 
study in adolescents with burn injury, the pharmaco- 
dynamics of mivacurium were examined in relation to the 
size of burn, time after burn, PCHE activity, and dibucaine 
number. 


Methods 


Patients and study procedure 


This study was approved by the Sub-committee on Human 
Studies, Committee on Research of the Massachusetts 
General Hospital, Boston, Massachusetts. Written informed 
consent was obtained from the patient and/or from the 
parent or guardian of all patients and controls included in 
the study. Twenty-one adolescent burned patients aged 
13-18 yr, ASA physical status I-M, undergoing surgery 
consequent to thermal burn injury, were enrolled. The 
control group consisted of an additional six patients who 
had been burned more than 3 yr before the study. This 
control group was used, based on previous and current 
clinical observations that neuromuscular responses to 
relaxants are normal by 3 yr after burn injury, provided 
other confounding factors are absent.” The acutely burned 
patients were sub-classified according to burn size as having 
10-30% or >30% TBSA burn. Each of these (10-30% or 
>30% TBSA) burn groups was divided into sub-groups 
according to the time of the study: <6 days, or 1—12 weeks 
after burn injury. For each subject who was studied at 
<6 days after burn injury, every attempt was made to re- 
enroll that subject for a subsequent study at 1~12 weeks 
after the injury. The four burn groups in this study, based on 
burn size and time after burn injury, are summarized in 
Table 1. Two subjects, each with 10-30% and >30% TBSA 
burn, were not studied initially at <6 days after burn 
because of delayed transfer to the burn unit, but were 
studied at 1-12 weeks after injury. One subject with 
10-30% burns did not participate in the second study at 
1-12 weeks. 


Table 1 Design of data collection from burn patient 


Patients who were obese or had evidence of clinically 
significant asthma, renal, hepatic, psychiatric, neurological, 
neuromuscular, or cardiovascular disease were excluded 
from the study. Patients were also excluded if medications 
known to influence neuromuscular transmission were 
administered, or if clinically significant abnormalities in 
haematology (haemoglobin and platelet and white blood 
cell counts), and clinical chemistry tests (creatinine. alkaline 
phosphatase, or liver transaminases) were present. Venous 
blood was sampled at the time of the study to determine 
PCHE activity and dibucaine number. 


Anaesthesia 


Preoperative medication consisted of a benzodiazepine and/ 
or narcotic, administered orally or i.v. depending on the 
presence or absence of an i.v. line. Monitoring consisted of 
electrocardiography, non-invasive arterial pressure (except 
in those patients who had an indwelling arterial cannula), 
pulse oximetry, end-tidal carbon dioxide, and temperature 
continuously. Anaesthesia was induced with propofol, or 
halothane (0.25-3% end-tidal concentration) in oxygen by a 
mask; supplemental bolus doses of fentanyl were adminis- 
tered as necessary during induction. Anaesthesia was 
maintained with halothane (0.5—1.0% end-tidal), nitrous 
oxide, and oxygen. During maintenance of anaesthesia, 
propofol (1 mg kg™ i.v. bolus doses) along with narcotic 
agents (fentanyl 1-2 ug kg’ or morphine 0.1-0.2 mg kg™) 
were administered as anaesthetic supplements. Ventilation 
was controlled to maintain normocapnia. 


Pharmacodynamics 


After induction of anaesthesia, the ulnar nerve was stimu- 
lated with a Grass S48 stimulator through 25-gauge needles 
inserted into a forearm, immobilized on a padded board. The 
thumb was linked to a Grass FT03 force transducer, and the 
evoked twitch tension of the adductor pollicis was recorded 
as twitch height on a Grass strip-chart recorder. Single 
square-wave stimuli of 0.2 ms duration were administered at 
0.15 Hz. An initial tetanus of 30 s duration was administered 
to recruit all muscle fibres. Control twitch height was 
obtained from a stable baseline recording of at least 5 min 





<6 days 





10-30% burn n=4 (1 complete, 2 bolus studies only) 


— (n=1 gentamicin during bolus therefore 


not reported) 


— (n=2 gentamicin after bolus dunng infusion, 


infusion data-not reported) 
— (n=1 complete study) 


>30% burn n=5 (4 complete studies) 


— (n=1 gentamicin dunng bolus, therefore not reported) 





1-12 weeks 


n=5 (all studies completed) 
— (m3 studied earlier) 


— (m=2 new patients not studied earlier) 


— n=] (6 complete, 1 bolus only studies) 

— (n=5 studied earlier) 

— (n=2 new patents not studied earlier) 

— (m=1 gentamicin after bolus, therefore 
infusion data not reported) 
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before the administration of mivacurium. Initially, miva- 
curium was administered as a bolus (0.15 mg kg~) and later 
as an infusion. Towards the end of the surgical procedure, 
the continuous infusion of mivacurium was stopped. 
Following termination of the infusion, the stimulation 
mode was changed to supramaximal train-of-four stimuli 
(0.2 ms square waves), administered at 2 Hz. End-control 
twitch height was determined after at least 3 min recording a 
stable height of the first twitch of the train-of-four, and the 
train-of-four ratio (T4:T,) of =75%. 

Intubation proceeded 2-5 min after the initial dose of 
mivacurium, when maximal twitch suppression was 
reached. The recovery of the twitch to 25% of baseline 
(control) height was monitored. The second part of the study 
consisted of a continuous infusion of mivacurium. 
Following recovery of the twitch after the bolus dose to 
25%, additional mivacurium bolus doses were administered, 
followed by a continuous infusion to maintain neuromus- 
cular suppression at 95 (SD 4)% (i.e. 5 (4)% initial twitch 
height). The continuous infusion rate was started at 20 ug 
kg min and adjusted every 3 min, if necessary, in 
increments or decrements of 1-2 ug kg™ min“! to maintain 
neuromuscular block within the range of 95 (4)%. 

The following variables were determined: following 
bolus doses, the maximum twitch suppression, onset time 
(from completion of mivacurium injection to maximum 
twitch suppression), and clinically effective duration time 
(from completion of injection of the bolus dose to 25% 
twitch recovery). Times were also noted after stopping the 
continuous infusion to 25, 75, and 95% recovery of the first 
twitch of the train-of-four relative to end-control, and to 
T4:T, 275%. Average infusion rates for each patient who 
received a continuous infusion for a minimum of 30 min 
were also recorded. 


Data analysis 


Analysis of variance techniques were used to compare 
outcomes between groups. As a result of the smal] sample 
size of the study, statistical tests were restricted to 
comparisons between each burn group and controls. That 
is, no intra-burn group comparisons were made. Adjusted P 
values were reported from Dunnett multiple comparisons 
procedure. Pearson correlation coefficient (r) was used to 
summarize the relationship between PCHE activity and 
recovery time. A P<0.05 was considered statistically 


significant. 


Results 


Two patients received gentamicin during the bolus-dose 
part of the study and their data, including physical 
characteristics, are not reported (Table 1). Three patients 
received i.v. gentamicin after the initial bolus dose of 
mivacurium had been given, and after 25% recovery of the 
single twitch response. This neuromuscular data was used 
for analysis of the bolus studies, but not of the infusion 
studies. Only patients whose data were usable are reported 
in Tables 2-5. Thus, the physical characteristics and 
neuromuscular data of 13 burned (total of 19 studies) and 
six controls (total six studies) are reported. 

The study population was comparable between groups 
(Table 2). At the recommended dose of mivacurium 0.15 
mg kg”, profound neuronjuscular block was achieved in all 
patients (Table 3). Both groups of burned patients studied 
after 1-12 weeks achieve more rapid relaxation than the 
other sub-groups, although this effect was not statistically 
significant (P=0.092 for |10-30% burn and P=0.066 for 
>30% burn compared with controls). The trend for a faster 
onset of effect at <6 daysifor both burn groups also did not 








Table 2 Physical characteristics of patients Mean (SD), TBSA=total body surface area | 








Burn size Time of study after Age Weight 
(®TBSA) burn injury (yr) (kg) 

10-30 =6 days 143 (13 2-15 0) 519 (73) 
10-30 1-12 weeks 15 2 (13 2-17 3) 60 2 (11 9) 
>30 «6 days 15 6 (14.7-17.7) 69.5 (14.6) 
>30 1-12 weeks 15 5 (13 8-17 8) 58 2 (15 7) 
Control >3 yr after burn 16 4 (14 4-18 4) 63 5 (79) 


**0.05<P<0 10 compared with controls 


Sex ASA physical status Ethnic origin 
(male/female) aT (White/Black/Other) 
21 21 370/0 
3/2 173/1 anol 
3/1 wis 4/0/0 
572 0/5/2 6/0/1 
24 5/140 3/03 


Table 3 Pharmacodynamics of mivacunum after bolus dose Values are mean [SEM], number of patients is in *P<005 compared with controls, 
a aaa A a AGE i ea 


Burn size Time of study after burn injury Maximum suppression Time (min) to: 
(%TBSA) (%) 
Maximum supp on 25% recovery of twitch 
10-30 =6 days 99 [1] (3) 33 [04] (3) 20 [4] G) 
10-30 1-12 weeks 100 [0 0} (5) 32 [0 3]** (5) 22 [2]* (4) 
>30 <6 days 99 [1] (4) 3.4 [0 4} (4) 22 [4}** (4) 
>30 1-12 weeks 95 [4] (7) 3.1 [0 4]** (7) 18 [2] (5) 
Control >3 yr after burn 96 [3] © 4.6 [0 6] (6) 13 [1] @) 
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Table 4 Mivacurmm pharmacodynamics during and after continuous infusion. Values are mean [SEM], number of patients in parenthesis *P<0 05 compared 





with controls 
Burn size Time of Height of single Duration of Mean Recovery profiles time (min): 
(%TBSA) study after twitch at the infusion infusion rate 
burn Injury end of infusion (%) (min) (ug kg? min) To T,:T, ratio To95% of T, In From 25 to 75% of 
275% train-of-four T; in train-of-four 
10-30 <6 days 10 [-} (1) 340 [-] (1) 55 [-] (0) 20 [-] (1) 18 [H (1) 7H 0) 
10-30 1-12 weeks 3 01] 4) 63 [7] (4) 4 [1]* (4) 25 [3] (4) 23 [2] (4) 9 [1] (3) 
>30 <6 days 4 [1] (4) T7 [12] (4) 5 [1]* (5) 33 [5]}* (4) 29 [5]* (4) 12 (2]* (4) 
>30 1-12 weeks 4 [2] (6) 6. nig 11 [3] 6) 24 [5] (6) 23 [3] (6) 8 [2] (6) 
Control >3 yr after bum 2 [1] (6) 76 [13] © 9 [1] ©) 15 [1] (6) 15 [1] (6) 5 [1] (6) 


Table 5 Mean PCHE actrvity and dibucaine number +Mean [SEM]; number 
of studies ın parenthesis, *range, **P<0 001 compared with controls 











Burn size Time of study after Dibucaine PCHE activity* 
(%TBSA) burn injury number dU mr) 

(%)* 
10-30 <6 days 60-81 (3) 16 [0 5]** (3) 
10-30 1-12 weeks 65-84 (3) 17 (0.1)** (4) 
>30 «6 days 73-81 (3) 1.6 [0.4]** (4) 
>30 1-12 weeks 71-90 (7) 2.2 [0 5}** (7) 
Control >3 yr after burn 79-82 (6) 4.9 [02] (6) 





attain statistical significance (Table 3). For patients with 
small (10-30%) burns, studied 1-12 weeks after injury, 
recovery of the single twitch height to 25% following the 
bolus dose of mivacurium was longer than that of patients in 
the control group (Table 3, P=0.008). In patients with >30% 
burns studied <6 days after injury, this difference did not 
reach statistical significance (P=0.082). 

With the exception of the small (10-30%) burn group 
studied <6 days after injury, the average duration of 
continuous infusion was comparable between groups 
(Table 4). Mean infusion rate for patients with small burns 
(10-30%) studied at 1-12 weeks, and those with >30% 
burns studied at <6 days after injury, were significantly 
lower than controls. The recovery profiles following 
termination of the infusion for all groups of burned patients, 
particularly in patients with >30% TBSA burns studied <6 
days after injury, showed slower rate of recovery compared 
with controls (P=0.05, 0.028, and 0.004 for time to T4:T, 
ratio 275%, time to 95% recovery of T, in train-of-four, 
and time from 25 to 75% of T, in train-of-four, respect- 
ively). 

The dibucaine numbers of patients with burn injury were 
comparable with those for the control group, irrespective of 
the time after burn or the size of burn injury (Table 5). Mean 
PCHE activity following burn injury was significantly 
suppressed compared with that of the control group (all 
P=0.001). There was no observable difference in the PCHE 
activity when related to time after, or magnitude of, burn 
injury. Regression analysis of pooled data from controls and 
burns indicated that recovery from mivacurium block was 
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Fig 1 Correlation of PCHE activity to recovery from block, following 
infusion (upper figure) and bolus (lower figure). There was a significant 
inverse relationship between PCHE and recovery, following the infusion 
(R?=0 49, r=-0.7, P<0 001) and the bolus (R7=0.53, =-0 73, P<0 001). 


inversely related to PCHE activity; the lower the PCHE 
activity the longer the recovery. This relationship was 
observed both after the bolus (7=~0.73, P<0.001), and the 
infusion (r=-0.69, P<0.001) (Fig. 1). A curvilinear plot did 
not significantly improve the regression line. 
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Discussion 

The purpose of these studies was to examine the effects of 
burn size and time after burn on the neuromuscular effects 
of mivacurium. If all patients had recerved gentamicin at the 
same time, it would have been appropriate to include all of 
them and study the neuromuscular effects of mivacurium 
when combined with gentamicin. Because of the confound- 
ing pharmacodynamic effects of gentamicin when co- 
administered with neuromuscular blocking drugs, it was 
justifiable that patients receiving gentamicin be excluded. 
This resulted ın a decrease in number per group, with the 
potential for type II error in the data. Despite the paucity of 
numbers, a major weakness of this study, statistical 
significance was still observed, and therefore certain 
definitive conclusions can be made. 

The salient findings in this study of mivacurium 
pharmacodynamics in burned and control adolescent 
patients were: (1) a trend to a faster onset time in burn 
patients compared with controls (Table 3), with maximal 
effect similar in all groups; (2) the profiles of neuromuscular 
recovery being similar to, or prolonged in burned patients 
relative to controls after bolus doses and continuous 
infusions (Table 4); (3) with the exception of >30% burn 
at 1-12 weeks, the mean infusion rates were decreased in 
the burn groups compared with controls (Table 4); and (4) 
PCHE levels, but not dibucaine levels, were decreased in 
burned patients (Table 4) with an inverse relationship 
between PCHE activity and the recovery profile (Fig. 1). 

Burned patients have resistance to both benzylisoquino- 
line and steroidal neuromuscular blocking drugs,™?? dem- 
onstrated as inadequate paralysis from an EDos dose, a 
requirement for higher doses for a given effect, prolonged 
onset of effect, faster recovery, more frequent dosing 
intervals, and/or higher infusion rates The present results 
with mivacurium fulfil none of these criteria for resistance. 
The onset was similar to or faster than controls, maximal 
effects were the same, recovery rates were the same or 
prolonged, and infusion rates were similar or lower in 
burned patients compared to controls. This study shows 
evidence of prolonged recovery, which suggests that burned 
adolescents may demonstrate increased sensitivity to 
mivacurium. This study is therefore, consistent with previ- 
ous studies of mivacurium in children? and adults,’* 
showing that burned patients do not exhibit resistance to 
mivacurium. The adult study, however, did not discriminate 
between the effects of burn size and time after burn on 
pharmacodynamics or PCHE activity. 

Causes for the resistance to non-depolarizers following 
burns include: increased protein binding;'* enhanced clear- 
ance kinetics;!*'° and most importantly, upregulation of 
acetylcholine receptors.'’ 18 Although acetylcholine recep- 
tor changes were not quantified in this study, one can 
assume, based on previous animal’ 1718 and human stud- 
ies,!° that qualitative and quantitative changes were present 
at the muscle membrane, especially in patients with the 
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bigger burns at 1-12 weeks after injury. One may be 
surprised, therefore, that our burned patients did not 
demonstrate resistance to the competitive neuromuscular 
blockers, mivacurium. 

The rationale for sub-classification of our burn groups 
was to quantify the effect of time after burn, and magnitude 
of burn on mivacurium pharmacodynamics. The PCHE 
activity was decreased in all burn groups. In 10-30% TBSA 
burned patients, resistance will not be seen at any time, as 
clinically significant receptor changes usually do not occur 
with minor burns. Even in patients with >30% burn at <6 
days, receptor changes are not expected. Thus, the lower 
mivacurium infusion rates relative to controls, observed in 
the 10-30% burn group at 1-12 weeks, and >30% group at 
<6 days, may be related to a lower PCHE activity in the 
absence of upregulation of acetylcholine receptors. In 
contrast, in patients with >30% burns studied at 1-12 
weeks after the insult, resistance to non-depolarizing 
neuromuscular blockers usually occurs because of receptor 
changes. In the present study, receptor changes were 
probably present in these patients, as the infusion require- 
ment of mivacurium was simular to that of controls, despite 
the lower PCHE activity. This suggests that resistance had 
developed to mivacurium at the receptor level, but the 
kinetic effect of lowered metabolism counteracted this 
resistance, resulting in an infusion rate similar to controls. In 
other words, the receptor-related (dynamic) resistance was 
counterbalanced by the kinetic component, decreased 
metabolism of mivacurium because of depressed PCHE 
activity. 

The dibucaine numbers were not different between 
groups, and therefore one can rule out hereditary factors 
or qualitative changes in PCHE activity, causing prolonged 
recovery from mivacurium in the burned patients. The 
PCHE activities, however, were lower in all burned patients 
(Table 5 and Fig. 1). Thus, the usual~ bolus dose of 
mivacurium 0.15 mg kg in the presence of decreased 
PCHE activity is a relative overdose. This explanation is 
consistent with findings in other diseases associated with 
acquired decreases in PCHE activity. The onset of effect 
with mivacurium can be similar or faster but recovery is 
prolonged.”°?! Our study also confirms an inverse relation- 
ship between PCHE activity and recovery from paralysis 
following a bolus dose or infusion. These findings are 
consistent with other observations of the importance of 
PCHE in the recovery from mivacurium.”” 

A good substitute for succinylcholine for use in burned 
patients is currently not available. Rapid onset of paralysis 
for intubation of burned patients with a full stomach, or for 
the treatment of laryngospasm requires higher than normal 
doses of non-depolarizing relaxants.2** The prolonged 
onset of effect is a serious disadvantage when treating 
laryngospasm in burned patients, who can desaturate rapidly 
because of the hypermetabolic state and poor lung func- 
tion.” This study documents that normal (EDos) doses of 
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mivacurium, can produce effective paralysis, at least as 
rapidly as in normal patients. 
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Background. We describe a practical method of training anaesthetists in the technique of 
awake fibreoptic intubation. This is performed on a training course using the delegates as sub- 
jects. 


Methods. The first 15 subjects underwent cardiovascular monitoring during airway fibreoptic 
endoscopy performed by other course members. They were sudsequently Interrogated by use 
of a questionnaire. 


Results. Evidence from questionnaires suggests this method of instruction is acceptable in this 
self-selected group of Individuals. Gagging was the commonest unpleasant side-effect of airway 
endoscopy, although only one delegate rated this as uncomfortable. Fifty-four per cent of sub- 
jects found the procedure slightly painful; 46% reported no pain at all. Overall, the procedure 
was rated as acceptable by 85% of subjects and enjoyable by 15% of subjects. No delegate 
found endoscopy or intubation distressing. Cardiovascular monitoring revealed pulse rate and 
arterial pressure changes of less than 25% of baseline values. Paraesthesia developed in one 
individual and nasal bleeding in two cases, neither of which was clinically significant and did not 
interfere with endoscopy. 


Conclusions. The use of course delegates as subjects for training was acceptable to anaesthe- 


tists and is associated with a low level of discomfort and morbidizy. 
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Provision of training on local anaesthesia of the airway and 
fibreoptic endoscopy is difficult for many reasons including 
a lack of suitable patients, ethical considerations and time 
pressure in the clinical environment.' For these reasons, we 
designed a course to enable delegates to develop, refine and 
practice their skills in airway anaesthesia and endoscopy of 
live human subjects. Mannequins and models offer an 
alternative but are anatomically unrealistic, over-simplified, 
immobile, uncontaminated with secretions, and do not offer 
an adequate challenge. Mannequins help to develop motor 
skills, but do little to build the confidence necessary for use 
in a clinical situation. Though our method of training does 
not provide instruction in the management of specific 
airway problems, it does enable familiarization with normal 
human endoscopic anatomy. In a course of six participants 
and two observers, each participant would be expected to 


perform at least four nasendoscopies to the level of the 
larynx and a further endoscopy to the carina, followed by 
the passage of a tracheal tube over the endoscope. With the 
aid of a video-display system, each delegate should also 
witness a further 20 nasendoscopies and directly observe the 
passage of five tracheal tubes. 

In this paper, we report complications and assess the 
satisfaction of delegates attending this course. 


Methods 


The course is open to anaesthetists of all grades. There are 
two levels of entry, as an observer or as a participant. All 
participants receive an explicit warning of the risks of the 
procedure. Observers do not participate in all practical 
sessions and do not undergo endoscopy. Information is 
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provided on an application form (Appendix A), with a 
detailed subjective description of endoscopy and intubation 
(Appendix B), in addition to an explicit consent form 
(Appendix C). Participants complete a consent form on 
application. Consent is reaffirmed immediately prior to 
undergoing endoscopy. Our trust (Norfolk and Norwich 
Hospital University Hospital NHS Trust) solicitors were 
consulted in order to ensure that the trust’s liabilities would 
be covered ın the event of a serious complication. 

Delegates with a history of the following conditions were 
excluded as participants: nose problems, any infectious 
disease, hypertension, heart disease, liver disease, epilepsy, 
diabetes, asthma or pregnancy. 

In common with many other courses, instruction 1s 
provided ın care of the endoscope, endoscopy technique, 
airway anatomy, indications for awake intubation, local 
anaesthesia of the airway, and tracheal intubation. Lectures 
and video demonstrations are supported by practical 
sessions using mannequins and the artificial throat endo- 
scopy model.” During practical endoscopy, sessions on 
models and mannequins, delegates are divided into small 
groups, each under the supervision of an instructor in order 
to ensure all delegates understand and can demonstrate the 
practical principles of endoscopy. All participants were 
informed that if they found the endoscopy or intubation 
uncomfortable or wanted to stop, they should raise their 
arm. Further local anaesthetic could then be administered or 
the procedure would be abandoned. 

Human endoscopy sessions take place in an operating 
theatre with full resuscitation facilities available. Video 
cameras are used with all endoscopes and provide multiple 
viewing screens. All endoscopists wear operating theatre 
clothes and gloves; gloves are discarded after each proced- 
ure. Endoscopes undergo routine disinfection between 
subjects in line with our trust/hospital policy. This policy 
involves glutaraldehyde disinfection with a contact time of 
20 min, as currently recommended by the British Thoracic 
Society.’ All endoscopes are leak tested at the beginning 
and end of each session. 

Prior to performing endoscopy on course participants, all 
delegates perform endoscopy on an instructor, the delegate 
passes a nasotracheal tube. The following day, participating 
delegates act as endoscopy subjects following a 4-h fast. 

Routine baseline monitoring of non-invasive arterial 
pressure, continuous oximetry and ECG is established, 
then recorded at 5-min intervals throughout the procedure. 
Intravenous access is gained with a 20-gauge cannula and 
iv. glycopyrrolate 3 pg kg! is administered as an 
antisialagogue, to improve the view and to enhance local 
anaesthetic effectiveness.* This is followed by two puffs of 
0.1% xylometazoline to each nostril prior to topical 
anaesthesia of the airway. Nebulized 4% lidocaine 160 mg 
is delivered over a 10-min penod using a standard 
Intersurgical nebulizer with oxygen 10 litre min?! as a 
driving gas. Superficial nasendoscopy is performed to select 
the largest nostril for local anaesthesia, endoscopy and 


intubation. The selected nostril is anaesthetised with 2.5 ml 
of 5% lidocaine solution containing 0.5% phenylephrine. 
After insertion of the endoscope, further doses of 4% 
lidocaine are administered to the lower airway via the 
working channel of the endoscope using an epidural catheter 
with an end hole as a conduit, ın the manner described by 
O'Hare.’ Subjects are asked to take slow regular deep 
breaths to facilitate distribution of local anaesthetic spray. 
Laryngeal anaesthesia is judged to be adequate when the 
larynx ceases to react to the application of local anaesthetic. 
This is then followed by further local anaesthetic adminis- 
tration to the lower airway. The maximum dose of topical 
lidocaine is limited to 9 mg kg~!.° Nasotracheal intubation 
using a Portex Ivory blue line tube is then performed by a 
participating delegate under the direct supervision of the 
instructors. 

If the nasal cavity was found to be too small to permut the 
passage of a Keymed LF-GP fibreoptic laryngoscope or a 
6.0-mm uncuffed nasotracheal tube, intubation was aban- 
doned. No sedation or local or i.v. anaesthetic injections 
were administered. Supplemental oxygen was administered 
to all delegates via nasal cannulae during airway endoscopy. 
Oxygen saturation, heart rate and arterial pressure record- 
ings were continued until completion of intubation and 
removal of the tracheal tube. 

Data were collected from the application forms about the 
sex, seniority and previous endoscopy experience of all 
delegates. 

On completion of the course, all participants com- 
pleted a feedback form (Appendix D) They were asked 
to grade the acceptability of endoscopy and intubation 
with regard to pain, anxiety, coughing, and gagging. In 
addition, they were asked to report any other adverse 
experiences. All delegates were asked to give an overall 
evaluation of the course on a graded scale of very poor 
to excellent. Heart rate and arterial pressure measure- 
ments of two instructors who underwent demonstration 
endoscopy are included in this report; feedback forms 
were not collected from them. 

Following the practical session, delegates were given 
direct feedback from their supervising instructor. 
Instructors emphasize that the course is only a part of 
the training they will need in airway management. In 
addition, they give advice on how to develop and 
maintain endoscopy skills. 


Results 


Background information 


Data were collected from 15 subjects on three separate 
courses over a period of 6 months. There were 11 males and 
four females, with an age range of 25-50 yr. 
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Previous experience 


The experience level of our course delegates was diverse. 
Six delegates had performed fewer than five endoscopies 
each. Two had performed one each and two delegates had 
no previous experience at all. The average previous 
experience was 19 endoscopies; however, this was skewed 
by two individuals who had both performed over 50, and by 
five others who had performed 25 or more. One delegate had 
performed 12 solo endoscopies, having never performed 
one under supervision. Six delegates had never performed 
an awake intubation whilst two delegates had experience of 
five awake intubations. 


Duration of procedure 


The duration of each procedure varied from 35 to 70 min 
with an average duration of 55 min. The number of heart 
tate and arterial pressure estimations varied from 8 to 15 per 
subject with an average of 12. 


Haemodynamic data 


Figure 1 shows the baseline systolic and peak recorded 
arterial pressure of each participant. A peak systolic 


arterial pressure of greater than 120% of baseline was 
recorded in four subjects (number 2, 3, 5 and 10), and 
an increase to greater than 130% was seen in one 
subject (number 7 from 110 to 144 mm Hg). The 
greatest rise was seen in subject number 15 where the 
systolic value rose to 195 mm Hg from a baseline of 
133 mm Hg (147% of baseline). This figure was 
preceded and succeeded by two lower values of 136 
mm Hg and 126 mm Hg respectively, suggesting a 
possible measurement artefact. Figure 2 shows the 
baseline and peak heart rate of each participant. A 
rise in heart rate to within 120% of baseline was seen 
in 10 cases (numbers 2, 4, 6, 7, 10, 11, 12, 13, 14 and 
15), to over 130% in two (number 1 and 9), and to over 
150% in one case (number 3). 


ECG and oximetry 

Continuous monitoring of the ECG and oxygen saturation 
failed to reveal any significant abnormality other than 
changes in heart rate. No treatment or intervention was 
required. 
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Table 1 Subjective response of participants to the overall experience of undergoing the procedure, pain felt duning the procedure, anxiety felt during the 
procedure and coughing and gagging experienced during the procedure Since two of the subjects were instructors on the course, feed back forms were not 


collected from them 


Overall experience Pain 

Very distressing 0 Very painful 0 
Distressing 0 Painful 0 
Acceptable 11 Slightly painful 6 
Enjoyable Not at all painful 7 
Very enjoyable 0 Enjoyable 0 
Total participants 13 13 
Complications 

Paraesthesia 


One delegate complained of severe paraesthesia and 
numbness in the hands and feet prior to intubation. The 
procedure was abandoned, following which the tingling 
sensation settled over the next 20 min. 


Nasal bleeding 

Slight bleeding from the inferior turbinate was observed in 
two participants. Nasal bleeding caused no distress and 
settled without treatment. It did not interfere with 
endoscopy. 


Coughing 
All delegates coughed at some stage during the procedure. 
There were no episodes of laryngospasm or bronchospasm. 


Sore throat 
Two delegates recorded post-procedural sore throat; none 
reported voice changes. 


Intubations 


The carina was visualized in all 15 subjects; intubation was 
completed in 10. Nasal obstruction prevented nasotracheal 
intubation in three cases. Inadequate analgesia caused 
failure to intubate in one case and the procedure was 
abandoned in the one individual who developed paraesthe- 
sia of the hands and feet. 


Subjective responses 


All participants graded the overall experience as acceptable. 
The subjective responses are shown in Table 1. Seven 
participants (54%) experienced no pain during the proced- 
ure; six participants (46%) experienced slight pain. Anxiety 
was common and was experienced by seven participants 
(54%); six participants (46%) reported no anxiety. 
Coughing and gagging were rated as uncomfortable by 
one individual (7%), and slightly uncomfortable by eight 
(62%) participants; four participants (31%) reported no 
discomfort. 

The course overall was rated as excellent by 100% of 
delegates, all of whom returned a completed evaluation 
form (Appendix D). Two reported that they found the 


Anxiety Coughing/gagging 
Very worrying Very uncomfortable 
Worrying Uncomfortable 


Slightly uncomfortable 
Not at all uncomfortable 
Enjoyable 


Slightly worrying 
Not at all worrying 
Enjoyable 


_ 
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experience of undergoing endoscopy beneficial, by aiding 
their recall of the technique and improving empathy when 
dealing with patients. 


Discussion 

No delegate found the procedure unacceptable. Reported 
levels of discomfort and anxiety were low. Only one 
participant found the procedure worrying and six partici- 
pants found it slightly worrying (Table 1). However, a 
course of this kind could be predicted to select individuals 
most likely to find this type of procedure acceptable. The 
findings reported here may not therefore be reproduced from 
a cross-section of the population. 

Heart rate and arterial pressure changes during a practical 
procedure may give an objective indication of the distress or 
discomfort produced. A rise in heart rate was seen ın all 
individuals at some stage during the endoscopy. The 
average maximum rise in heart rate was 13 beat min™', 
which represented 120% of the baseline value. Part of this 
increase may be attributable to administration of glycopyr- 
rolate. In line with the heart rate changes, systolic arterial 
pressure increased in all individuals at some stage during the 
procedure, although the average maximal rise was 21 mm 
Hg to 117% of the baseline value. 

One individual complained of dizziness and paraesthesia, 
symptoms that could be attributed to lidocaine toxicity. 
However, we frequently ask individuals to breathe deeply at 
some point during the endoscopy to aid the distribution of 
local anaesthetic. It is possible, therefore, that these 
symptoms could also have been attributed to hyperventila- 
tion. The sensation of tingling and dizziness resolved within 
20-30 min of discontinuing endoscopy, at a time when 
plasma lidocaine levels would be expected to be elevated or 
even rising.’ è 

Endoscopy to visualize the carina was completed in all 
subjects, though nasal intubation was performed in only 
66%. The main objective of the course is to provide training 
in airway local anaesthesia and fibreoptic endoscopy Many 
of the benefits of the course in developing endoscopy skills 
and learning local anaesthesia of the airway can be achieved 
without performing tracheal intubation. However, comple- 
tion of the procedure allows the instructors to encourage 
gentleness, and gives the opportunity to demonstrate the 
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manoeuvres sometimes required to assist the passage of the 
tracheal tube. Perhaps most importantly, when delegates are 
given the opportunity to complete the intubation, their 
confidence in the validity of the local anaesthetic technique 
is enhanced. 

The assertion that intubation attempts were abandoned in 
the event of any apparent distress is supported by the low 
levels of discomfort and high level of acceptability reported 
by delegates. Nevertheless, all delegates witnessed the 
technique of tracheal tube insertion, even if they did not 
successfully perform it themselves. 

In conclusion, the use of course delegates as subjects for 
training in fibreoptic endoscopy is acceptable to some 


anaesthetists. Early assessment suggests that this is associ- 
ated with a low level of discomfort and morbidity. Delegates 
found this type of instruction beneficial. 


Appendix A 

Application forms for the observer and the participant on the 
Norwich Endoscopic Airway Training Course are given in 
Table 2. 


Appendix B 
The detailed subjective description of endoscopy and 
intubation is shown in Table 3. 


Table 2 The Norwich Endoscopic Airway Training Course. Information required on the application forms for observers and participants 


Application Form - Observer 





Contact telephone numbers 
Qualifications (with dates) 
GMC registration number 
Current grade 

Current hospital 


Level of experience in fibreoptic intubation (none/minimal/moderate/extensive) 


Approximate number of fibreoptic intubaticns under general anaesthesia (under supervision/solo) 
Approximate number of intubations under local anaesthesia (under supervision/solo) 


What does the applicant hope to gain from this course? 


If the course 1s oversubscnbed would the applicant like to be offered a cancellation possibly at shor: notice? 


Application Form - Participant 


Sumame 

First name 

Sex 

Address 

Contact telephone numbers 
Qualifications (with dates) 
GMC registration number 

Current grade 

Current hospital 


Level of experience in fibreoptic intubation (none/minimal/moderate/extensive) 


Approximate number of fibreoptic intubations under general anaesthesia (under supervision/solo) 
Approximate number of intubations under local anaesthesia (under supervision/solo) 


What does the applicant hope to gain from this course? 
Weight of applicant in kg 
Blood pressure of applicant in mm Hg 
Resting pulse rate of applicant in beat/min 
Does the applicant have any infectious diseases (such as Hepatitis B)? 
Is the applicant on any medication other than the oral contraceptive pull? 
Does the applicant suffer with any of the following 
Hypertension 
Heart disease 
Liver disease 
Epilepsy 
Diabetes 
Asthma 


Is the applicant pregnant? 


A ‘yes’ answer to any of the above would mean the applicant could not become a participant 


Any other current medical problems 

Does the applicant suffer from nosebleeds? 

Last of all known allergies 

Any history of nasal obstruction or nose problems 


If the course 1s oversubscribed would the applicant like to be offered a cancellation possibly at short notice? 
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Appendix C Appendix D 
The participant consent form is given in Table 4. The feedback questionnaire is shown in Table 5. 


Table 4 Information taken from page 3 of the Participant Application Form 





Consent to Intubation Under Local Anaesthesia 








As a participant, the course will involve undergoing fibreoptic naso/orotracheal intubation under topical local anaesthesia. If you are unwilling to consent to this 
please apply for course attendance as an observer 

Participants must not drive for 4 h after the procedure, therefore you must make arrangements to stay locally after the course 

Morbidity 

Inevitably there ıs some discomfort during the procedure, mainly airway irritation which causes coughing You should expect some post-procedural 
nasal stuffiness, lasting a few days and a dry mouth for 3—4 h 

Risks of awake fibreoptic intubation under local anaesthesia include 

Trauma anywhere within the airway 

Allergic reaction to latex, xylometazoline. lidocaine, or glycopyrrolate. 

Local anaesthetic toxicity, leading to convulsions or cardiac arrest 

Aspiration of gastric contents. 

Infections, local or systemic, due to hepatitis B, hepatis G HIV, TB, CJD and any other contammating organisms 

Any queries? 

If you wish to discuss the course, or need further clarification, please contact our Course Administrator 





All applicants wishing to participate in, rather than observe the course should complete the consent form below 

Consent to Tracheal Intubation Under Local Ansesthesia 

I wish to participate ın the Norfolk and Norwich Endoscopic Airway Training Course and in doing so I am willing to act as a subject for tracheal 
intubation under topical local anaesthesia I am aware of the possible risks of the procedure and of the alternative option, which 1s to apply to join the 
course as an observer I am also aware that I must not drive a motor vehicle for at least four hours following the procedure 

Please print your name ...... wee oe a ae ee 


Signature Date .. 
Your reaffirmation of consent will be sought at the time of taing, ‘and at wall be asked to sign the form below 
Signature : ae Fps sh . Date wa... aieiai oes 


Table 5 Feedback questionnaire Participants are asked to complete the following questionnaire about the Norwich Endoscopic Airway Traming Course 
before they leave at the end of the last day. 


-1) Were you an observer or participant? 
2) What was your overall impression of the course? (circle one) 
Very Poor / Poor / Fair / Good / Excellent 
3) How did you find the experience of endoscopy or intubation on yourself? (circle one) 
Very distressing / Distressing / Acceptable / Enjoyable / Very enjoyable 
4) Considering different aspects of arway endoscopy or wtubation on yourself, how would you rate the following categories? (circle one from each 
category) 
Pain 
Very painful / Painful / Suightly painful / Not painful at all / Enjoyable 
Anxiety 
Very worrying / Worrying / Shghtly worrying / Not worrying at all / Enjoyable 
Coughing / Gagging 
Very uncomfortable / Uncomfortable / Slightly uncomfortable / Not uncomfortable at all / Enjoyeble 
Other sensation (Please specify) 
Very uncomfortable / Uncomfortable / Shghtly uncomfortable / Not uncomfortable at all / Enjoyable 
5) If you experienced pain, anxiety, coughing / gagging or other sensations at what stage of the procedure did this happen? 
a) Pain 
b) Anxiety 
c) Coughing / Gagging 
d) Other sensation 
6) Did you feel that you expenenced any of the recognized side-effects of local anaesthetic drugs? Yes / No 
If “Yes” please specify 
At what stage did you experience these side-effects? 
How were they resolved and was this adequate? 
T) Is there any other information we could have supplied before the course that you would have liked or that you fee] would have improved either the 
educational content or the experience of fibreoptic intubation? 
8) What, do you feel, are the specific strengths and weaknesses of this course? 
9) Why did you decide to come on this course (what objectives did you hope to fulfil)? 
10) Do you feel that this course has met your objectives? (Please describe any areas that the course has failed to meet your objectives: ) 
11) Would you recommend this course to a colleague? Yes / No 
If "Yes" why would you recommend it? 
If "No" why would you not recommend ıt? 
12) Are there any other comments you would like to add? 





592 


Training course in local anaesthesia of the arway 


References 


1 Mason RA. Learning fibreoptic intubation: fundamental problems. 
Anaesthesia 1992; 47: 729-31 

2 Willams K, Harwood R, Woodall N, Barker G. Training in 
fibreoptic anaesthesia. Anaesthesia 2000; 55. 99 

3 Woodcock A, Campbell |, Collins JV, et al Bronchoscopy and 
infection control. Lancet 1989; 270-1 

4 Watanabe H, Lindgren L, Rosenberg P, Randell T. 
Glycopyrronium prolongs topical anaesthesta of oral mucosa 
and enhances the absorption of lignocaine. Br J Anaesth 1993; 70: 
94-5 

5 O'Hare D, Harwood R, Woodall N, Barker G. A method of 


593 


administering topical anaesthesia for airway endoscopy. 
Anaesthesia 2000; 55: 616 

Efthimiou J, Higenbottam T, Holt D, Cochrane GM. Plasma 
concentration of lignocaine during fiberoptic bronchoscopy. 
Thorax 1982; 37: 68-71 

Bigeleisen PE, Schisler JQ, Finucane BT. Plasma lidocaine levels 
following transtracheal injection during topical anaesthesia of the 
upper airway. Can J Anaesth 1988; 35. S95—6 

Patterson JR, Blaschke TF, Kellog Hunt K Jr, Meffin PJ. Lidocaine 
blood concentrations during fiberoptic bronchoscopy. Am Rev 
Respir Dis 1975; 112: 53-7 


British Journal of Anaesthesia 89 (4). 594-8 (2002) 


Evaluation of effects of magnesium sulphate in reducing 
intraoperative anaesthetic requirements 
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Turkey. *Department of Neurosurgery, Faculty of Medicine, University of Istanbul Istanbul, Turkey 
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Background. The present randomized, placebo-controlled, double-blind study was designed 
to assess the effect of peroperatively administered i.v. magnesium sulphate on anaesthetic and 
analgesic requirements during total i.v. anaesthesia. 


Methods. Eighty-one patients (36 women, 45 men) undergcing elective spinal surgery were 
included in one of two parallel groups. The magnesium group received magnesium sulphate 
30 mg kg"! as a bolus before induction of anaesthesia and 10 mg kg” h`! by continuous l.v. infu- 
sion during the operation period. The same volume of isotonic solution was administered to 
the control group. Anaesthesia was maintained with propofol (administered according to the 
bispectral index) and remifentanil (adjusted according to heart rate and arterial blood pressure) 
infusions. 


Results. A significant reduction in hourly propofol consumption was observed with 
magnesium administration. For example, the mean infusion rate of propofol in the second hour 
of the operation was 7.09 mg kg! h`! in the control group vs 4.35 mg kg! h™' in the 
magnesium group (P<0.001). The magnesium group required significantly less remifentanil 
(P<0.001) and vecuronium (P<0.001). No side-effects were observed with magnesium 


administration. 


Conclusion. The administration of magnesium led to a significant reduction in the require- 
ments for anaesthetic drugs during total i.v. anaesthesia with propofol, remifentanil and 


vecuronium. 
Br J Anaesth 2002; 89: 594-8 
Keywords: anaesthesia, I.v.; ions, magnesium 


Accepted for publication: June 11, 2002 


Magnesium is the fourth most abundant cation in the body 
and the secoid most abundant intracellular cation.’ ? It 
activates many of the enzyme systems involved in energy 
metabolism and acts as a natural calcium antagonist by 
regulating calcium access into the cell? Recently, the 
importance of magnesium in anaesthetic practice has been 
highlighted.” It has been suggested that magnesium has the 
potential to treat and prevent pain by acting as an antagonist 
of N-methyl-D-aspartate (NMDA) receptors.* > In animals, 
magnesium suppressed NMDA-induced adverse beha- 
vioural reactions and hypersensitivity resulting from nerve 
injuries." In a clinical study, the role of magnesium in 
reducing analgesic requirements during the postoperative 


period has been demonstrated. Recently, Koinig and 
colleagues reported that magnesium administration led to 
a significant reduction in fentanyl consumption in the peri- 
and postoperative periods.’ 

At the beginning of the last century, magnesium sulphate 
was proposed as a general anaesthetic.® ° Although mag- 
nesium was regarded as a central nervous system (CNS) 
depressant, its anaesthetic effect was shown to result from 
cerebral hypoxia after progressive respiratory and cardiac 
depression. When respiratory support was maintained, 
patients showed no CNS depression even at very high 
serum concentrations of magnesium.'° On the other hand, a 
60% reduction in minimum alveolar concentration of 
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Effect of magnesium on anaesthetic requirements 


halothane was demonstrated in magnesium-treated rats. 
This result was ascribed to a central effect of the ion, but this 
has not been substantiated. +! 

The present randomized, placebo-controlled, double- 
blind study was designed to assess the effect of periopera- 
tively administered i.v. magnesium sulphate on anaesthetic 
and analgesic requirements during total i.v. anaesthesia with 
propofol, remifentanil and vecuronium. 


Methods 


The study was approved by the ethics committee of Istanbul 
Faculty of Medicine and informed consent was obtained 
from each patient. Eighty-one ASA physical status I-I 
patients (36 women, 45 men) undergoing elective lumbar 
discectomy were included in one of two parallel groups 
(control, n=41; magnesium, n=40). 

Exclusion criteria included major hepatic, renal or 
cardiovascular dysfunction, atrioventricular block, known 
allergy to magnesium sulphate or other study drugs, asthma, 
chronic obstructive pulmonary disease, haematological 
disorders, obesity, pregnancy and prior treatment with 
calcium channel blockers, opioids and anticoagulants. The 
patients were assigned randomly to one of the two groups. 
The magnesium group received 15% magnesium sulphate 
and the control group received 0.9% sodium chloride in a 
double-blind fashion. The solutions were prepared by the 
coordinator of the study, and the anaesthetist who was in 
charge of the patients during the operation was unaware of 
the study medication. Before the induction of anaesthesia, 
routine monitoring (ECG, pulse oximetry, oesophageal 
temperature) was started and an i.v. line was sited. An 
arterial line was inserted to measure systemic blood pressure 
with a Transpac i.v. system (Abbott Critical Care Systems, 
Abbott, Sligo, Ireland) on a Datex-Ohmeda AS/3 monitor 
(Datex-Ohmeda, Bromma, Sweden). Muscle relaxation was 
monitored with a neurotransmission module (M-NMT) 
incorporated into the Datex-Ohmeda AS/3 unit. The surface 
electrodes were positioned over the ulnar nerve at the wrist. 
The mechanosensor was attached between the thumb and 
index finger with a piece of tape and the forearm was 
wrapped in a cotton blanket to minimize cooling. The level 
of anaesthesia was monitored with the bispectral index 
(BIS™) method. The BIS electrodes were placed on the 
forehead and were connected to an A-2000 BIS monitoring 
system (Aspect Medical Systems, Framingham, MA, USA). 
A bispectral index of 40-60 was considered the target range 
for surgical anaesthesia." 


Study protocol 


Standard recordings of heart rate, systemic pressure [mean 
arterial pressure (MAP)], arterial oxygen saturation (Spo,) 
and BIS values were performed before the induction of 
anaesthesia. The magnesium group received magnesium 
sulphate 30 mg kg™', administered as a slow i.v. bolus 


before the induction of anaesthesia, and 10 mg kg h“ by 
continuous i.v. infusion during the operation. The same 
volume of isotonic saline was admimstered to the control 
group. After preoxygenation of at least 2 min, anaesthesia 
was induced with fentanyl 1 ug kg™ and propofol in 
increments of 20 mg every 5 s until the BIS reached a 
predetermined value of 60. After induction of anaesthesia, 
supramaximal train-of-four (TOF) stimulation was meas- 
ured at 20 s intervals. When a stable twitch response (at least 
three successive equal responses to TOF stimulation) had 
been established, vecuronium 10 pg kg was administered 
via a fast-flowing i.v. infusion over 5 s. The time from the 
start of anaesthesia induction to reaching a BIS of 60 and the 
time to 80% (T1=20%) single-twitch depression after 
admimstering vecuronium were recorded, Orotracheal 
intubation was performed after complete (T1=0%) 
single-twitch depression, then a further set of recordings 
was made. 

Anaesthesia was maintained by propofol and remifentanıl 
infusions. The propofol infusion was started at the rate of 
10 mg kg" h and titrated to maintain a BIS in the range 
45-60. The hourly consumption of propofol was recorded 
as mg kg? h. Dose adjustments of remifentanil were 
based on standard clinical signs and haemodynamic 
measurements. Signs of inadequate analgesia, defined as 
an increase in heart rate and mean arterial pressure of more 
than 20% of baseline, hypertension or hypotension (systolic 
arterial pressure <90 mm Hg) were to be managed with 
increased and decreased remifentanil respectively (if BIS 
was within the recommended range).’ Muscle relaxation 
was achieved by vecuronium infusion adjusted to provide 
complete depression of the first twitch after TOF stimula- 
tion. Hourly infusion rates of remifentanil and vecuronium 
were recorded as pg kg h”. 

The lungs of all patients were ventilated mechanically 
with an oxygen/air mixture to maintain adequate oxygen- 
ation and a Paco, level between 35 and 40 mmHg. 
Normothermia was maintained during the whole procedure. 

Approximately 30 min before the end of surgery, the 
vecuronium infusion was discontinued. After discontinu- 
ation of the vecuronium infusion, the patients were allowed 
to recover spontaneously until the return of T1=25%,. Then a 
combination of atropine 0.01 mg kg™ 1.v. and prostigmine 
0.02 mg kg was administered to reverse the neuro- 
muscular block. The times for return of TI to 25% and 
return of the TOF ratio (T4/T1) to 70% were recorded. 
Propofol was discontinued on skin closure and the patient 
was allowed to wake up. Patients were extubated when the 
BIS reached 80, and the tıme to BIS=80 was recorded as the 
recovery period. 

Each patient was observed continuously after the termin- 
ation of anaesthesia and tumes of events were recorded by 
the anaesthetist. After transfer to the recovery area, patients 
were assessed neurologically for any sign of hypermagnes- 
aemia. Any adverse events or side-effects were recorded 
during the perioperative and postoperative penods 


595 


Telci et al. 


Statistical analyses 


Comparisons between the control and the study groups were 
conducted using Student’s ¢ test, analysis of variance 
(ANOVA) or repeated measures ANOVA, as appropriate. 
The analysis was conducted on an intention-to-treat basis. 
Data for missing values were evaluated by the last 
observation carried forward (LOCF) method. For LOCF 
analysis, the last measurement was carried forward into all 
subsequent time slots for which actual measurements were 
not available. A P value below 0.05 was considered 


significant. 


Results 


The groups were comparable with respect to age, weight, 
ASA status and duration of surgery. All patients underwent 
the same type of surgery (discectomy), performed by the 
same group of surgeons. The numbers of cases in the control 
and magnesium groups respectively, according to operation 
duration, were as follows: 1-5 h, 27 and 27; up to 6 h, 3 and 
6; up to 7 h, 5 and 2; up to 8 h, 4 and 3; up to 9 h, 2 and 2 
patients. 

In neither measurement period was there any statistically 
significant difference in heart rate or arterial blood pressure 
between the two groups. No haemodynamic instability was 
observed with magnesium perfusion during the observation 
period. 

Induction of anaesthesia (BIS=60) was achieved in 55.4 
(SD 10.6) s in the magnesium group and in 81.2 (13.6) s in 
the control group (P<0.0001). The recovery time was 
shorter in the control group (7.19 vs 9.60 min, P<0.0001). 
The baseline mean BIS before induction was above 90% for 
both the study and the control group. After induction, the 
mean BIS value, calculated from the lowest of the BIS 
values that were recorded every hour during the operational 
period, was not different between the two groups (Fig. 1). 
The times from the cessation of vecuronium to T1=25% 
(48.08 vs 38.73 min, P<0.001) and T4/T1270% (51.70 vs 
41.59 min, P<0.001) were significantly longer in the 
magnesium group compared with the control group. 

The mean anaesthetic requirements, measured every hour 
and evaluated by the LOCF method, are given in Table 1. 
Significantly lower propofol, remifentanil and vecuronium 
requirements were recorded during each measurement 
period in the magnesium group. When the hourly consump- 
tion rates of each drug were evaluated within the groups, 
significant reductions were observed 1n the second and third 
hours for propofol and remifentanil consumption in both 
groups. For vecuronium, a significant dose reduction was 
only apparent in the magnesium group. 


Discussion 
We studied the possible effects of magnesium sulphate in 
reducing the anaesthetic requirements during total i.v. 
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Fig 1 Bispectral index (BIS) levels. Plot of BIS (mean+tsp) against tume 
from mductior. to the end of surgery. Bl=before mduction; Al=after 
induction. 


anaesthesia with propofol, remifentanil and vecuronium. 
Our results demonstrate a significant reduction in the 
consumption of each drug used for balanced anaesthesia 
with magnesium administration. To our knowledge, this is 
the first study evaluating the potentiating interaction of 
magnesium with a combination of analgesic, hypnotic and 
muscle relaxant. 

Importantly, we used an objective, quantitative measure 
of the anaesthetic state (BIS) to guide anaesthetic 
requirements'*'® and to determine end-points. Induction 
of anaesthesia with propofol was more rapid in the presence 
of magnesium, but recovery was slower. The effects of 
magnesium on propofol consumption could be related to a 
sedative effect of magnesium, but evidence for such an 
effect is conflicung. Magnesium has been reported to 
produce general anaesthesia and enhance the activity of 
local anaesthetic agents.” '* In these studies, depressant 
effects on the CNS of animals injected with magnesium 
salts were reported. A narcotic state in human beings 
undergoing surgical operations was achieved in a study by 
Peck and Meltzer, who reported three patients undergoing 
hernioraphy under attempted anaesthesia by magnesium 
sulphate infusion.? However, Aldrete and colleagues sug- 
gested that this anaesthetic state was actually a sleep-like 
state caused by cerebral hypoxia from progressive respira- 
tory and cardiac depression. ? When ventilation was 
maintained, even very high levels of serum magnesium 
produced no CNS depression.’ In healthy volunteers, i.v. 
magnesium failed to induce sleep even at magnesium 
concentrations 10 times higher than normal. The subjects 
felt and heard everything happening up to when the 
magnesium level exceeded 7 mmol litre7!. There were no 
signs of anaesthesia, but the hand-grip force was markedly 
reduced.!° On the contrary, increasing the magnesium dose 
was found ta be associated with reductions in halothane 


+, 


Effect of magnesium on anaesthetic requirements 


Table 1 Propofol, remifentanil and vecuronium consumption during maintenance of total 1v. anaesthesia P values were determined by comparing contro! and 


magnesium groups “Significant difference within group (P<0 05) 








Hours 
1 2 3 4 5 6 7 8 9 
Propofol (mg kg™ b`’) 
Control (n=41) 8.91 (0.84) 709 (1 19)* 6.88 (099)* 704(066) 725(079) 726(077) 733(088) 752(037) 7.9 (014) 
Magnesium (n=40) 8.23 (127)* 435 (064)* 352(035)* 359(0.29) 364(0.22) 365(012) 383(016) 392(013) 375 (007) 
P 0 006 <0 001 <0.001 <0 001 <0 001 <0.001 <0 001 <0 001 0 004 
Remufentam) (ug ke! h’) 
Control (n=41) 935 (1.6)2* 633 (139)* 5.82 (093)* 558 (0.89) 5.90 (0.77) 5.68 (057) 558(097) 558(097) 575 (035) 
Magnesium (n=40) 474 (1.16)* 265(059)* 217(029)* 208(019) 2.27(0.32) 286(0.26) 228(026) 208(020) 2 (0) 
P <0 001 <0 001 <0 001 <0 001 <0 001 <0 001 <0 001 <0 001 0 042 
Vecuronum (pg kg! bv!) 
Control (7=41) 3725 (724) 32 (1197) 36 96 (8.75) 3875 (8.25) 3625 (885) 31 (7 12) 30 63 (930) 275 (1369) 21.25 (1 76) 
Magnesium (n=40) 20.88 (274)* 1575 (387)* 14.23 (301)* 1479 (363) 1286 (3.97) 12.12 (3.36) 1393 (283) 1042 (368) 75 (0) 
P <0 001 <0 001 <0 001 <0 001 <0 001 <0.001 <0 001 0027 0058 


MAC in rats.'! With these data, Thomson and colleagues’! 
suggested that anaesthetics be titrated carefully in patients 
with high serum magnesium concentrations and patients 
receiving magnesium. 

In the present study, the aim was not to evaluate 
magnesium as an anaesthetic agent but to find out if 
magnesium could reduce propofol requirements during 
general anaesthesia It is hard to speculate on the exact 
mechanism of magnesium’s contribution to anaesthesia in 
our study. Theoretically, magnesium could modulate anaes- 
thesia by several mechanisms. Magnesium antagonizes 
NMDA receptors in the CNS.° Another mechanism could 
involve the reduction of catecholamine release through 
sympathetic stimulation, by which magnesium might 
decrease peripheral nociceptor sensitization or the stress 
response to surgery.'© However, these mechanisms do not 
explain the reduction in propofol requirements indepen- 
dently of the reduction in requirements for remifentanil. 
Clearly, further studies of the interaction between magne- 
sium and propofol as a sole agent are needed. 

Our data demonstrated a significant reduction in remi- 
fentanil and vecuronium consumption during i.v. anaesthe- 
sia with continuous magnesium administration. The effect 
on vecuronium consumption is not surprising as the effects 
of magnesium ions at the neuromuscular junction are well 
known. The analgesic effect of magnesium has been 
demonstrated in several animal* ° and human 7 studies. 
The effect of magnestum on perioperative analgesic 
requirements was first evaluated by Koinig and colleagues 
in patients with identical levels of surgical stimulation.’ 
Their data demonstrated that magnesium can be an adjuvant 
to peroperative analgesic management by lowering the 
fentanyl requirement. Recently, in a study by Shulz-Stibner 
and colleagues,” magnesium sulphate given as a bolus after 
induction produced a significant reduction in remifentanil 
and mivacurium consumption during general anaesthesia. 

In our study, as in previous reports, the remifentanil 
requirement was adjusted according to haemodynamic 


changes as surrogate measures of intraoperative nocicep- 
tion. This might be considered a limitation of the study, as 
heart rate and MAP could change for many other reasons 
Also, magnesium inhibits the release of catecholamines and 
might blunt the haemodynamic responses to inadequate 
analgesia. These anti-adrenergic actions have led to the use 
of magnesium during surgery for phaeochromocytoma”* 
and to evaluation of its efficacy in attenuating the response 
to endotracheal intubation.” However, the doses used in 
these studies, either as a bolus or as a perfusion, were twice 
as high as the dose we used ın our study. As a matter of fact, 
our study population was ASA J-II patients in whom heart 
rate and MAP increases are probably caused by pain 
perception. 

Unfortunately, we did not measure serum magnesium 
concentrations. However, it 1s known that the plasma 
magnesium concentration does not represent the magnesium 
content of the tissues. The lack of correlation between 
plasma magnesium and total body magnesium content in 
healthy subjects is also well recognized.” Arnold and 
colleagues showed that the measurement of intra- and 
extracellular magnesium concentrations does not predict 
magnesium levels in other body tissues accurately.”° Doses 
of magnesium similar to ours were shown to produce 
reductions in analgesic requirements both during and after 
surgical interventions.’ The dose-response relationship for 
magnesium with respect to its potentiating effect during 
balanced anaesthesia needs to be evaluated further. 

In conclusion, the administration of magnesium led to a 
significant reduction in the amounts of anaesthetic drugs 
used during total i.v. anaesthesia. 
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Background. Renin-angiotensin system antagonists, either angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin I] receptor (AT) antagonists, may interfere with regulation of 
arterial pressure during anaesthesia. This study almed to compare the haemodynamic profile of 
anaesthetized pigs, which were subjected to haemorrhage in the presence of the ACE inhibitor 
enalaprilat or the AT, antagonist valsartan. 


Methods. Thirty-six pigs were assigned randomly to placebo, enalaprilat or valsartan groups. 
After a 30-min period of stabilization following anaesthesia and injection of the study drug, the 
animals were bled in two equal steps of 20% of their estimated blood volume (20% BV and 40% 


BV). 


Results. After bleeding of 20% BV, the mean arterial pressure (MAP) decreased significantly 
but similarly in each group (20-25%) but the placebo and the enalaprilat groups had a significant 
decrease in cardiac index (Cl, 22% and 16%, respectively) without significant change in systemic 
vascular resistance (SVR). Conversely, in the valsartan group, SVR decreased significantly (23%, 
P<0.02 vs other groups) without significant change in Cl (4%). After bleeding of 40% BV, the 
CI decreased significantly compared with 20% BY in the three groups (19% in the placebo and 
enalaprilat groups, 14% in the valsartan group) but the MAP decreased significantly in the 
enalaprilat group only (23%). The SVR increased significantly in the placebo group (P<0.01 vs 
each of the other groups), but there were no differences in the change in SVR between the 
other groups. 


Conclusion. Blockade of the renin—angiotensin system by either enalaprilat or valsartan leads 
to a similar decrease in arterial pressure during anaesthesia and haemorrhage but the 
haemodynamic profiles are quite different. 
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Renin—angiotensin system (RAS) antagonists, angiotensin- 
converting enzyme (ACE) inhibitors and angiotensin II 
receptor (AT) antagonists, are increasingly used in the 
treatment of cardiovascular and other diseases.’ ? Because 
angiotensin IJ is involved in short-term regulation of 
arterial pressure, the blockade of its effect by inhibition of 


either angiotensin II production (ACE inhibitor) or the 
AT-receptor-mediated effect (AT antagonist) may interfere 
with arterial pressure regulation.*>® Dumng anaesthesia 
and surgery, arterial pressure may become angiotensin 
dependent.’ The anaesthesia-induced reduction in sympa- 
thetic tone may be counterbalanced by angiotensin I, 
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especially when a reduction in intravascular volume is 
involved.® Accordingly, arterial pressure may decrease 
markedly during general anaesthesia when angiotensin If 
action 1s impeded by an angiotensin I competitive 
inhibitor.” "! 

Much of the information regarding the physiology and 
pathophysiology of the renin—angiotensin system during 
anaesthesia and surgery has been based on studies of ACE 
inhibitors. Many cardiovascular effects are shared by ACE 
inhibitors and AT antagonists, and this is particularly true 
with regard to the short-term actions of angiotensin IT on 
arterial pressure regulation. ACE is a non-specific carboxy- 
peptidase involved in the conversion of angiotensin I to 
angiotensin II and in the inactivation of central opioids, 
enkephalins and bradykinin, a potent vasodilator. 
Inactivation of angiotensin IJ formation is, nevertheless, 
accepted to be the main mechanism of ACE inhibition.’ AT 
antagonists have potential therapeutic interest:? first, they 
should not induce the bradykinin-related side-effects of 
ACE inhibitors, such as cough, which occurs in 10-20% of 
patients receiving ACE inhibitors. Secondly, because they 
competitively block specific receptors (AT,), AT antag- 
omits should suppress angiotensin II effects better than 
ACE inhibitors. Indeed, blockade of the converting enzyme 
favours other metabolic pathways leading to angiotensin H 
synthesis, especially the chymase pathway. However, the 
real importance of such converting-enzyme-independent 
angiotensin If synthesis is not well known. In addition, 
because the reduction in bradykinin breakdown caused by 
ACE inhibitors could participate in their therapeutic effect, 
AT antagonists may not provide a similar therapeutic 
profile. However, during AT; blockade, AT. receptors 
remain exposed to increasing levels of angiotensin H which 
could be a source of synergistic effects, as activation of AT, 
receptors has the opposite effect to activation of AT 
receptors. Hence, stimulation of AT2 receptors by increas- 
ing levels of angiotensin synergistically augments the 
effects of AT, receptor blockade.® !? Thus, the differences 
between ACE inhibitors and AT antagonists ın the blockade 
of the renin-angiotensin system might lead to some 
haemodynamic consequences following stimulation of the 
renin—angiotensin system. 

Clinical recommendations for the treatment of hypoten- 
sive episodes after induction of anaesthesia do not discrim- 
inate between ACE inhibitors and AT antagonists any more 
than they ascertain the role of changes in either cardiac 
output (CO) or vascular resistance (VR) in the mechanisms 
of hypotension? |! !3 Therefore, in an attempt to reveal 
differences between the two treatments, we compared the 
haemodynamic profile of anaesthetized pigs subjected to 
haemorrhage, and therefore dependent on the renin— 
angiotensin system for maintenance of arterial pressure, in 
the presence of a non-specific blockade of renin- 
angiotensin system with an ACE inhibitor and in the 
presence of a specific blockade of AT, receptors. 


Materials and methods 


Animals and preparation 

Experiments were performed on female commercial farm- 
bred piglets (2-3 months, 15-22 kg). The study was 
approved by the Animal Care and Use Committee of our 
institution. 

The animals were fasted except for water ad libitum for 
12 h before induction of anaesthesia. The animals were 
premedicated with i.m. ketamine 20 mg kg™, midazolam 
0.5 mg kg”! and atropine 2 mg. An i.v. catheter was placed 
in an ear vein and lactated Ringer’s solution was infused at a 
rate of 1 ml kg’ hb! using an i.v. infusion pump. 
Anaesthesia was induced with thiopental 2-3 mg kg". 
The animal’s trachea was intubated and the lungs ventilated 
mechanically with 1% isoflurane in 100% oxygen, keeping 
the end-tidal isoflurane concentration at 0.8-1.0 MAC and 
the end-tidal carbon dioxide pressure between 35 and 40 
mm Hg (Datex Lab., Ultima). 

A branch of the external carotid artery was cannulated to 
measure mean arterial pressure (MAP). A thermodilution 
pulmonary artery catheter was placed via a jugular vein to 
measure the central venous pressure (CVP) and pulmonary 
capillary wedge pressure (PCWP). CO was determined by 
thermodilution using a separate central venous injection 
catheter, as the average of three consecutive measurements. 
Cardiac index (CD, indexed stroke volume (iSV) and 
indexed systemic VR (iSVR) were calculated using the 
following formulae: 


CI = CO/body weight (ml kg’) 
iSV = Cl/heart rate (ml kg™) 
iSVR = (MAP-CVPYCI (IU kg) 


Temperature was measured in the pulmonary artery and was 
maintained using a heating blanket. After surgical prepar- 
ation, piglets were allowed to stabilise for 30 min. At the 
end of the stabilization period, baseline measurements of 
heart rate (HR), MAP, PCWP, CI, iSV and iSVR were 
performed. At this time, the animals were assigned to the 


study groups. 


Animal groups and experimentation 


Preliminary studies 

First, two animals were studied without any haemorrhage or 
injection protocol in order to estimate the potential drift 
effect over the time of the study experiment. No significant 
fluctuation was seen during the 90-min procedure. The 
maximum variation was less than 10% at any time for any 
variable: 7% for MAP, 1% for HR, 3% for CI and 7% for 
iSVR. 

Second, the efficacy of the renin—angiotensin system 
blockade with either the AT, antagonist valsartan (Novartis 
Pharma, Basle, Switzerland) or the ACE inhibitor enalapri- 
lat (Merck Sharp Dohme Chibret Laboratory, Paris, France) 


600 


RAS antagonism during hypovolaemia and anaesthesia 


had been assessed through the inhibition of the agonist- 
induced increase in MAP. The agonists were angiotensin IT 
and angiotensin I for enalaprilat and valsartan respectively, 
at a dose that increased MAP by at least 20%. We expected 
inhibition of the angiotensin-induced increase in MAP 90 
min after the injection of the renin—angiotensin system 
blocker (which was the time required for the whole 
procedure) to be at least 50%. At a dose of 0.06 mg kg™, 
the inhibitory effect of enalaprilat on the arterial pressure 
response to injection of angiotensin I was 84%, 90%, 67% 
and 57% at 30, 60, 90, 120 min after the injection, 
respectively. Similarly the inhibitory effect of valsartan 3 
mg kg™ on the arterial pressure response to injection of 
angiotensin H was 75%, 56%, 50% and 43% at 30, 60, 90 
and 120 min after the injection, respectively. 


Study protocol 
Thirty-six animals were assigned randomly to placebo, 
enalaprilat or valsartan groups. Injection consisted of a 10 ml 
sodium chloride solution for the placebo. Enalaprilat 
0.06 mg kg™! was dissolved in 10 ml sodium chloride 
solution, and valsartan 3 mg kg™! in 10 ml distilled water. 
The piglets were allowed to stabilize for a 30-min period 
before being bled in two equal steps. Twenty percent of the 
calculated blood volume (BV) (based on a BV of 70 ml 
kg!) was removed over a 5-min period for each step. 

Measurements consisted of HR, MAP, PCWP, CI, iSV 
and iSVR. After injection and after each stepped bleed, the 
animals were allowed to stabilize for 30 min and then 
measurements were collected 30 min after the injection and 
30 min after each of the bleeds. 

At the end of the experiment, the animals were killed with 
a central venous bolus injection of potassium chloride 
40 mmol during deepened anaesthesia (MAC 2%). 


Statistical analysis 

Results are expressed as median [25%, 75% interquartile 
range] because some data were not normally distributed. 
Overall effects were evaluated by the Friedman test (within 
group) and Kruskal-Wallis analysis of variance (between 
groups). In the case of significant differences, further 
comparisons were made using Wilcoxon (within group) and 
Mann-Whitney U (between groups) tests. A value of 
P<0.05 was considered significant but the Bonferroni— 
Dunn procedure was used for correction of multiple 
comparisons when appropriate. A post-hoc power estimate 


(PHPE) with a confidence interval of 95% was performed 
when a Statistically significant difference was observed 
between groups. 


Results 


The 36 animals were assigned randomly as follows: 13 
placebo, 11 enalaprilat and 12 valsartan. Baseline values for 
HR, MAP, PCWP, iSVR, CI, and iSV are shown in Table 1. 
The end-tidal isoflurane concentration was 0.95% [0.8, 1.1] 
with no significant variation between groups or periods of 
measurement. 


Effects of injection 

Injections of placebo, enalaprilat or valsartan had no 
significant effect on MAP, PCWP, iSVR, CI and iSV. The 
haemodynamic profile was similar in each group, except for 
HR which after injection of valsartan decreased by 8% [3, 
14] from baseline (P=0.022). 


Effects of 20% BV haemorrhage (Fig. 1) 


At the first bleed (20% BV), decreases in MAP from 
baseline were: 25% [21, 29] (P=0.002), 22% [19, 35] 
(P=0.003) and 25% [8, 33] (P=0.005) for the placebo, 
enalaprilat and valsartan groups, respectively. No signifi- 
cant difference was found between groups. 

The decrease in MAP was associated with a decrease in 
CI in the placebo and enalaprilat groups: 22% [10, 29] 
(P=0.002) and 16% [4, 21] (P=0.005), respectively, and a 
decrease in iSVR in the valsartan group (23% [15, 28]) 
(P=0.002). 

In the valsartan group, changes in CI and iSV from 
baseline were not statistically significant (4% [+6, —15], 
and 1.0% [+6.8, +1.2], respectively), but were significantly 
different from changes in the placebo group (P<0.014, 
PHPE>0.90). The changes in iSVR were not significant in 
the placebo or enalaprilat groups, but were in the valsartan 
group (PS0.016, PHPE>0.60). Changes in HR were not 
Statistically significant in any group. 


Effects of 40% BV haemorrhage (Fig. 1) 


Thirty min after the second bleed (40% BV), decreases in 
MAP from baseline in the placebo, enalaprilat and valsartan 


Table 1 Haemodynamic data at baseline Values represent median (interquartile range) 


Baseline data Placebo 

Heart rate (beats min”) 106 (100-124) 
Mean arterial pressure (mm Hg) 84 (75-89) 
Pulmonary wedge pressure (mm Hg) 7 (6-8) 
Cardiac index (ml kg™) 115 (108-139) 
Systemic vascular resistance (UI kg) 625 (549-709) 
Indexed stroke volume (ml kg) 1.1 (09-1 4) 


Enalaprilat Valsartan 

107 (100-120) 106 (96-120) 
80 (67-84) 85 (73-91) 

6 (5-8) 10 (6-12) 

114 (94-140) 107 (89-124) 
614 (569-743) 656 (568-814) 
1.1 ©% 2) 11 (08112) 
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Fig 1 Changes (%) from baseline (TO) ın heart rate (HR), mean artenal pressure (MAP), pulmonary capillary wedge pressure (PCWP), cardiac index 
(CD, indexed stroke volume (1SV) and indexed systemic vascular resistances (SVR) changes after the first (20% BV) and second (40% BV) bleed in 
the three groups. Data are presented as median, interquartile range (boxes), 10-90% percenules (bars), and range (circles), Values were compared 
within groups using a Friedman test then a Wilcoxon test “P<0 02 from baseline Values were compared between groups using a Kruskal-Wallis 
analysis of variance (P<0.015) then a Mann—Witney U test: tP<0 015 between the valsartan end plecebo groups; “P=0.016 between the valsartan and 
enalaprilat groups, +P=0 01 between the enalaprilat and placebo groups 


groups were 29% [24, 41] (P=0.002), 43% [32, 54] (P=0.005). No significant difference in the decrease in 
(P=0.003) and 32% [19, 48] (P=0.005), respectively. The MAP was found between the groups (P=0.203). 

MAP decreased significantly from the 20% BV haemor- The decrease in MAP was associated with a significant 
rhage in the enalaprilat group only (23% [17, 28]) decrease in CI and iSV from baseline in all groups but the 
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decrease in iSV was significantly lower in the valsartan 
group than in the placebo group (P=0.002, PHPE>0.95). 

The changes in iSVR from baseline were significantly 
different between the placebo (+10.3% [+1.2, +19.4]) and 
valsartan groups (-23.3 [-40.2, ~5.1]) (P=0.006, 
PHPE>0.85) and between the placebo and enalaprilat 
groups (4.7% [-16.4, +3.4]) (P=0.010, PHPE>0.65) as a 
result of an increase in iSVR from the first bleed in the 
placebo group by 12% [2, 20] (P=0.007), while no 
significant change was found in the enalaprilat and valsartan 
groups (1.9% [-7.3, 3.3], -2.1% [-11.9, +23.9], respect- 
ively). 

The increase in HR from baseline was 35% [15, 61] 
(P=0.002), 28% [-8, +63] (P=0.047) and 18% [+4, +31] 
(P=0.012) for the placebo, enalaprilat and valsartan groups, 
respectively. No significant difference in the increase in HR 
was found between groups (P=0.221). 


Discussion 

Although MAP appeared to be influenced similarly by both 
treatments during anaesthesia and hypovolaemia, the results 
show that renin—angiotensin system antagonists interfere 
with the haemodynamic determinants of arterial pressure 
(i.e. CO and VR) in quite different ways. While the ACE 
inhibitor induced a proportional decrease in MAP and CO, 
selective AT, blockade was associated with a vasodilatation 
and a preservation of CO and SV. 

It is well accepted that, in conscious mammals, a 
moderate reduction (20-30%) in BV has little effect on 
MAP (less than 10% reduction), which is completely 
unaffected by inhibition or blockade of the combined 
effects of the two major hormones, angiotensin and 
vasopressin.!* !5 In the present study, the first haemorrhage 
(20% BV) induced a 20-25% decrease in MAP in all three 
groups. This important fall in MAP, larger than described in 
previous studies,'*'> can be related to anaesthesia. Below 
20-30% blood loss, the carotid sinus reflex contro! should 
have maintained MAP,!4! but under anaesthesia the 
baroreflex is blunted.’ Even in the placebo group, the 
MAP decrease is 25% while the HR increased by 5%, 
Suggesting that the slope of the baroreflex response to 
change in carotid sinus pressure is decreased. In anaes- 
thetized animals, the arterial pressure is more sensitive to 
haemorrhage because of autonomic blockade.’” 18 

During anaesthesia and before bleeding, injection of 
placebo, enalaprilat or valsartan had no effect on MAP, 
which indicates that maintenance of arterial pressure is not 
dependent on the renin—angiotensin system.’ After loss of 
20% BV, MAP decreased similarly in the three groups 
(20-25%). Moreover the MAP, HR, CI and iSVR varied in 
the same way in the enalaprilat and placebo groups. The 
absence of vasoconstriction and-the lack of significant 
differences between the enalapnlat and placebo groups in 
their haemodynamic profile may suggest that the renin— 
angiotensin system is not stimulated. However, the 


haemodynamic profile is completely different in 
the valsartan group: the MAP decrease is explained by the 
decrease in VR while CO and SV are unaffected. The 
‘paradoxical’ vasodilatation observed when AT, is blocked 
in the context of haemorrhage suggests that the renin- 
angiotensin system is indeed activated. With selective AT, 
blockade, angiotensin, released in response to the hypovo- 
laemia-induced stimulation of the renin—angiotensin sys- 
tem, may be available to activate AT>. There is some 
evidence that angiotensin can act to physiologically 
antagonize its own hypertensive effects by causing relax- 
ation of some vascular beds.° '? Activation of AT2 has been 
proposed to counteract the effects of the AT, subtype '° 
Scheuer and Perrone have demonstrated, in anaesthetized 
rats using AT, and AT, antagonists, that the AT, receptor 
mediates a vasorelaxation response to angiotensin.” 
Furthermore, the counteracting effects of AT, and AT, 
could account for the lack of effect in the placebo group. 
Nevertheless, a greater angiotensin level in the valsartan 
group cannot be ruled out, because selective AT; blockade 
decreases the angiotensin-induced feedback regulation of 
renin release.” 7 

The involvement of the renin—angiotensin system in 
control of arterial pressure is even more apparent at the 
second haemorrhage (40% BV). In the control group, 
although the decrease in MAP from baseline is 30%, the 
iSVR increases about 12% from the 20%-BV bleed, 
suggesting the involvement of a vasoconstrictor system. 
By contrast, in the enalaprilat group the overall decrease in 
MAP is 40% as a result of a similar decline between 
baseline and 20% BV, and between 20% BV and 40% BV, 
and the iSVR does not increase. Both results suggest a 
prominent role of angiotensin in the vasoconstrictor 
response in the placebo group. 

In the enalaprilat group the decrease in arterial pressure 
appears to be volume dependent. This result is in agreement 
with the classic concept of the renin—angiotensin system as a 
circulating hormonal system involved in the regulation of 
arterial pressure during hypovolaemia.’*” In the valsartan 
group, the overall decrease in MAP is about 30%, which is 
in the same range as in the placebo group, but without an 
increase in SVR. Conversely, the ‘paradoxical’ vasodilata- 
tion at 20% BV is still observed at 40% BV. Moreover, the 
decrease in CI and SV is moderate, observed mainly at 40% 
BV and is lower than in the placebo group. These effects on 
VR and CO were not observed in the enalaprilat group. The 
discrepancy between the two treatments on the determinants 
of arterial pressure reveals the importance of the specific 
angiotensin I receptors in mediating the effects of acti- 
vation of the renin-angiotensin system. Besides the 
vasodilatory effect, AT, stimulation may have some 
beneficial effect on myocardial function. AT, blockade 
may have a positive effect on left ventricular filling when 
preload is low, by enhancing left ventricular diastolic 
function.® 
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Our experimental model has enabled us to demonstrate 
the different effects of ACE inhibitors and AT, antagonists 
on arterial pressure regulation, and their effects on 
haemodynamic variables during anaesthesia and haemor- 
rhage. However, short-term treatment and experiments in 
healthy young pigs cannot be extrapolated to long-term 
treatment in patients with cardiovascular disease. 
Nevertheless, the results suggest that further clinical studies 
that examine the consequences of the two treatments are 
warranted. The current recommendations for the use of 
vasoconstrictors in any case of hypotension following 
anaesthesia in patients treated with renin—angiotensin 
system antagonists, no matter what kind of renin— 
angiotensin system antagonist it is, may thus be too 
simplistic.!3 4 

In summary, the inhibition of the renin—angiotensin 
system by either the non-specific blockade of the two 
receptor subtypes, AT, and AT2, with enalaprilat or by the 
specific blockade of AT, with valsartan leads to two 
different haemodynamic profiles in response to hypovolae- 
mia in the anaesthetized pig. The difference between the 
two forms of antagonism makes apparent the functions of 
the AT, receptor. Further clinical studies are required to 
assess the clinical relevance of our findings to patients 
receiving long-term treatment for various indications.” !! * 
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Apparent diffusion coefficient mapping predicts mortality and 
outcome in rats with intracerebral haemodynamic disturbance: 
potential role of intraoperative diffusion and perfusion weighted 

magnetic resonance imaging to detect cerebral ischaemia 
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Background. Usefulness and ability of diffusion and perfusion weighted magnetic resonance 
images (DWI and PWI) to detect intracerebral haemodynamic disturbance have not been fully 
evaluated. 


Methods. After the right common carotid artery had been ligated, rats were exsanguinated to 
maintain a mean arterial pressure of 35, 42, or 50 mm Hg (n=6, each group). Apparent diffusion 
coefficient (ADC) maps were calculated from DWIs and lesion volume (area) was defined 
based on ADC values (ADC lesion volume (area)). 


Results. ADC lesion volume during exsanguination in the 35 mm Hg group (417 (111) mm}, 


P<0.01) was significantly larger than in the 42 mm Hg group (87 (84) mm?) and 50 mm Hg 
group (42 (58) mm’). The low relative cerebral blood flow area, calculated from PWI, was sig- 
nificantly larger during exsanguination in the 35 mm Hg group than in the other groups. ADC 
lesion volume in the six rats that died within 3 days of the MRI study was significantly larger 
(median 421 mm?, range 205—476 mm}, P<0.005) than in the 12 rats that survived for 3 days 
(median 26 mm’, range 3-517 mm?). Rats with an ADC lesion area over 14 mm? on the coro- 
nal slice Including the caudate putamen during exsanguination died within 3 days or revealed a 
more severe histopathological outcome than those that survived for 3 days. 


Conclusions. Incomplete cerebral ischaemia created by the combination of common carotid 
artery occlusion and exsanguination could be detected by DWI and PWI both qualltatively and 
quantitatively. The size of the lesion on ADC mapping was found to correlate with mortality 
and outcome. 
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Severe internal carotid artery (ICA) stenosis or occlusion is 
an important cause of stroke! and may be associated with 
various degrees of haemodynamic impairment.** Recent 
research* has demonstrated that carotid artery disease is a 
significant predictor of postoperative stroke after coronary 
artery bypass surgery. One can postulate that perioperative 
ischaemic stroke in patients with ICA stenosis or occlusion 
may be, in part, explained by cerebral hypoperfusion. This 
cerebral hypoperfusion is most likely the result of systemic 


hypotension, either as a result of massive haemorrhage or to 
the effect of drugs administered during the procedure. The 
effects of perioperative systemic haemodynamic impar- 
ment on cerebral perfusion and the outcome of such patients 
have not yet been fully investigated. However, new 
technological advances are making these investigations 
possible. 

Diffusion and perfusion weighted imaging (DWI and 
PWI) are two relatively new modalities of magnetic 
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resonance imaging (MRI). DWI has been well established as 
a reliable non-invasive method for the early detection of 
cerebral ischaemic stroke.°° Even before lesions become 
apparent on conventional images, DWI can detect abnor- 
malities within minutes after the onset of ischaemia in 
aninial models of stroke.” ? With DWI, the signal intensity 
in ischaemic brain regions appears high because the 
diffusion coefficient of water is reduced, likely because of 
the formation of cytotoxic oedema.!?!! This can be 
quantified by the calculation of apparent diffusion coeffi- 
cient (ADC) images.” 13 PWI uses gradient echo imaging to 
follow a fast bolus injection of magnetically susceptible 
contrast agent. Following ischaemia, perfusion deficits can 
be observed as decreases in contrast bolus transit. 

Three hypotheses formed the basis of the present 
study. First, it was postulated that intracerebral haemo- 
dynamic disturbance can be detected by DWI and PWI, 
not only qualitatively but also quantitatively. To date, 
DWI and PWI have been used in experimental animal 
studies using the middle cerebral artery occlusion 
model. There have been few investigations that use 
DWI and PWI to document the changes that occur with 
incomplete cerebral ischaemia. Secondly, if these MRI 
modalities can detect the spatial evolution of cerebral 
ischaemic lesions, then perhaps a relationship between 
lesion volume and mortality could be established. As 
yet, despite the high mortality rate of perioperative 
stroke,!5 there are no reliable mdicators which can 
predict mortality as a result of cerebral ischaemia. 
Finally, DWI should be able to predict the severity of 
cerebral ischaemic injury. In experimental studies, the 
extent of cerebral ischaemic injury is evaluated histo- 
pathologically by examination of specific brain slices. 
Thus, if the cerebral ischaemia detected by DWI reflects 
the severity of cerebral injury, a relationship between 
the ischaemic lesion seen on DWI and histopathologic 
diagnosis may exist. 


Methods 


This project was approved by, and followed the guidelines 
published by, the Animal Care and Use Committee of 
Tokyo Medical and Dental University. 


Animal preparation 


Eighteen adult male Sprague-Dawley rats weighing be- 
tween 330 and 400 g were used. Anaesthesia was induced 
with 4% isoflurane in a Plexiglas chamber. The concentra- 
tion of isoflurane was then reduced to 1.5%, and 1% 
lidocaine was injected locally for analgesia. Under an 
operating microscope, the bifurcation of the right common 
carotid artery was exposed through a midline neck incision 
and was ligated in duplicate with 3-0 silk surgical thread. A 
polyethylene catheter (PE-50) was introduced into the right 
femoral vein for drug infusion. Physiologic saline solution 


at 4 ml kg"! h? was administered i.v. throughout the study. 
Two PE-50 catheters were introduced into femoral arteries 
on both sides. One arterial catheter was used. for continuous 
arterial pressure monitoring and the other was used for 
blood withdrawal and arterial blood sampling. After 
tracheal intubation, each rat was ventilated with 40% 
oxygen and the ventilatory frequency was controlled to 
maintain a Paco, of approximately 40 mm Hg except during 
exsanguination. The ventilatory frequency was not changed 
during exsanguination, and a relative hypocapnoea was 
allowed to develop because frequent arterial blood sam- 
pling, which is necessary to maintain normocapnea, would 
have made it difficult to maintain the pre-set mean arterial 
pressure. 


Experimental procedure 

After placing the animals supine in the probe, anaesthesia 
was maintained with 1.5% isoflurane in 40% oxygen. The 
rat’s body temperature was monitored with a rectal probe, 
and maintained at 37.5 (0.5)°C using a water-circulating 
heating pad during the MRI study. Details of the MRI study 
and the data analysis are given in the Appendix. After 
animal positioning and shimming, a set of baseline DWIs 
was acquired. 

The animals were randomly allocated to three groups 
according to mean arterial pressure (MAP) (35, 42, and 50 
mm Hg groups, n=6 each) maintained for 30 min by blood 
withdrawal. Arterial blood was withdrawn through one of 
the femoral arterial catheters to the pre-set MAP to induce 
intracerebral haemodynamic disturbance. Fluctuation of 
+1 mm Hg from the target arterial pressure was allowed. 
DWIs were commenced at 10 min after the MAP reached 
the pre-set value. After 30 min of the ischaemic period, a 
paramagnetic nuclear magnetic resonance contrast agent 
(0.5 mmol kg™ gadolinium diethylenetriamine pentaacetic 
acid; Magnevist, Berlex, USA) was rapidly injected into the 
right femoral vein. Acquisition of PWIs began approxi- 
mately 20 s before contrast injection and continued for a 
total of 80 images. After the completion of PWIs, the 
withdrawn blood was re-administered i.v. for approximately 
10 min. Post-ischaemic DWIs were acquired at 0 and 30 min 
after completion of the administration of the withdrawn 
blood. 

After extubation, the animals were kept in an oxygen-rich 
chamber. Their rectal temperature was maintained at 37.5 
(0.5)°C using a water-circulating pad for 3 h. They were 
then released into their home cage. 

Arterial blood samples were collected at baseline and 10 
min after the completion of the re-infusion of the withdrawn 
blood. Other arterial blood samples were collected as 
needed. Samples were analysed on a laboratory blood gas 
analyzer (STAT profile 5™ gas analyzer, NOVA 
Biomedical, USA). Metabolic acidosis was treated by the 
i.v. administration of sodium bicarbonate. 
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Definition of lesion area (volume) and low perfusion 
area 


The ischaemic lesion area and the low perfusion area were 
defined arbitrarily as the pixels in which the ADC, relative 
cerebral blood volume (rCBV), and relative cerebral blood 
flow (rCBF) value decreased to less than a predetermined 
threshold on each map. Calculation of ADC, rCBV. and 
rCBF are given in the Appendix. The threshold was set at 
500x10 mm? s™! on ADC map,'®'’ 50% of the mean 
rCBV and rCBF of the left (contralateral) hemisphere on 
rCBV map and rCBF map, respectively. The lesion area on 
the ADC map and the low perfusion area on the rCBV and 
the rCBF map (ADC lesion area, low rCBV area, and low 
rCBF area, respectively) were calculated by multiplying the 
number of these pixels by the area of one pixel. Lesion 
volume of ischaemic injury was determined by integration 
of the ADC lesion areas for the nine slices (ADC lesion 
volume). 


Histopathology 


Neurohistopathology was rated in those rats that survived 
for 3 days following the MRI study. After each rat was 
anaesthetized with isoflurane, the chest was opened, and the 
brain was perfused by transcardial perfusion with 20 ml of 
isotonic saline followed by 20 ml of 10% buffered formalin. 
The brain was then removed and stored in 10% formalin for 
1 week. The brain was cut into coronal blocks and 
embedded in paraffin, and 6-um sections were sliced and 
mounted on slides. The slides were stained with hematox- 
ylin and eosin and examined using light microscopy. The 
examiner was blinded to the results of the MRI study. 


Neuronal histopathology was evaluated in the coronal 
section at the level of the caudate nucleus (8.6-9.7 mm 
anterior to the interaural line'®), The ischaemic damage of 
this section had been evaluated by ADC map. rCBY map. 
and rCBF map. Neuronal damage was graded on a five-point 
scale with the following markers:'? O=no observable 
neuronal death; |=scattered neuronal death, 2=small focal 
damage in caudate and cortical areas; 3=large infarcts 
involving 50% of ischaemic hemisphere: and 4=total 
hemisphere infarct. 





Statistical analysis 


MAP, arterial blood gas data, blood glucose concentra- 
tion, rectal temperature, and ADC lesion volumes were 
analysed using two-way repeated measures analysis of 
variance followed by the Tukey multiple comparison 
test. Baseline, 10 min after MAP reached the pre-set 
value, and 10 min after the completion of blood 
reinfusion, MAP and rectal temperatures were compared. 
Low rCBV area and low rCBF area were compared 
among the groups using one-way analysis of variance 
followed by the Tukey multiple comparison test. The 
relationships between ADC lesion area and low rCBV 
area and between ADC lesion area and low rCBF area 
on the slice including the caudate putamen were 
analysed using linear fitting, ADC lesion volume was 
compared between surviving and dead animals using the 
Mann-Whitney U test because D’Agostino-Pearson test 
revealed that the spread and skew of data made 
parametric statistics inappropriate. Statistical significance 
was established at the P<0.05 level. 


Table 1 MAP, arterial blood gas, blood glucose concentration, and rectal temperature in three groups. Data are mean (sp). Gle=blood glucose concentration 
*P<0.05, **P<0.01 vs baseline. *P<0.05. *P<0.01 vs 42 mm Hg group. *P<0.05. “*P<0.01 vs 50 mm Hg group 











Baseline Exsanguination 
MAP 35 mm Hg 113 (6) 35 chee 
(mm Hg) 42 mm Hg 1 (13) CPEE V 
50 mm Hg 101 (8) URG E iad 
pH 35 mm Hg 7.41 (0.02) 
42 mm Hg 7,39 (0.03) 
50 mm Hg 7.38 (0.03) 
Pao, 35 mm Hg 176 (16) 
(mm Hg) 42 mm Hg 180 (12) 
50 mm Hg 180 (28) 
Paco, 35 mm Hg 39.3 (3.6) 
(mm Hg) 42 mm Hg 37.7 (2.3) 
50 mm Hg 46.0 (3.8) 
BE 35 mm Hg 1.2 (0.8) 
(mmol litre! ) 42 mm Hg -1.0 1.8) 
50 mm Hg -0.6 (1.6) 
Gle 35 mm He 129 (14) 
(mg dl") 42 mm Hg 128 (29) 
50 mm Hg 115 (20) 
Rectal temperature 35 mm Hg 37.4 (0,3) 37.5 (0.4) 
eC) 42 mm Hg 37.4 (0.2) 37.5 (0.3) 
50 mm Hg 37.4 (0.3) 37.4 (0.2) 
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Results 


The MRI study was performed without any serious 
complications. The amount of blood volume which was 
required to be withdrawn until the MAP reached the pre-set 
value in the 35 mm Hg group (8.4 (0.9) ml, P<0.01) was 
significantly greater than in the 42 mm Hg group (6.5 
(0.6) ml) and the 50 mm Hg group (4.5 (0.9) ml). Five rats in 
the 35 mm Hg group and one rat in the 42 mm Hg group died 
over the 3-day observation period. 

MAP in the 35 mm Hg group was significantly lower than 
in the 42 mm Hg group (P<0.05) and in the 50 mm Hg group 





Fig 1 Diffusion-weighted image (upper left) and ADC map (upper right) 
during exsanguination, rCBV map (lower left), and rCBF map (lower 


right) of a representative rat in the 35 mm Hg group 
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(P<0.01) at 10 min after the completion of the blood 
reinfusion (Table 1). Both arterial pH and base excess (BE) 
were also significantly lower in the 35 mm Hg group than in 
the other two groups during the reinfusion period (P<0.01). 
Blood glucose concentration in the 35 mm Hg group was 
lower than in the 50 mm Hg group (P<0.01) at re-infusion, 
but no significant difference was found between the 35 mm 
Hg and 42 mm Hg groups. Twelve rats (6, 5, and 1 rats in the 
35, 42, and 50 mm Hg groups, respectively) needed i.v. 
sodium bicarbonate. Their arterial pH and BE were 
confirmed to be within normal limits at the end of the 
MRI study (pH 7.40 (0.05), BE -1.4 (1.7)). 

At baseline, neither DWIs nor ADC maps documented 
any abnormal regions in any of the rats. Representative 
DWI, ADC map, rCBV map, and rCBF map during 
exsanguination in the 35 mm Hg group are shown in 
Figure 1. These representative data indicate that: DWI 
revealed increased signal intensity in most regions of the 
right hemisphere: a clear reduction in the ADC value was 
evident in these regions; the low intensity region on the 
ADC map corresponded well with that of the rCBF map; 
however, the rCBV map showed a smaller region with a low 
rCBV value (Fig. 1). 

There was no significant difference in ADC lesion 
volume among the groups at baseline. In the ipsilateral 
hemisphere, ADC lesion volumes during exsanguination in 
the 35 mm Hg group and in the 42 mm Hg group (417 (111) 
and 87 (84) mm*, respectively) were significantly larger 
than at baseline (P<0.01 and P<0.05, respectively) (Fig. 2). 
There was no significant difference in ADC lesion volumes 


Ipsilateral hemisphere E 35 mmHg 


[42 mm Hg 
O 50 mm Hg | 














0 am 
200 
100 
+ 
0 a = a 
Baseline Exsanguination 0 min 30 min 


Fig 2 Sequential changes in ADC lesion volume in the ipsilateral (upper) and contralateral hemisphere (lower) of the 35 (black), 42 (grey), and 
50 mm Hg (white) groups. Data are expressed as mean (SD). 0 min, 30 min represent 0 and 30 min after the completion of the infusion of the 
withdrawn blood, respectively, *P<0.05, **P<0.01 vs baseline. ""P<0.01 vs 42 mm Hg group. *P<0.05, **P<0.01 vs 50 mm Hg group. 
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in the 50 mm Hg group at different time points. ADC lesion 
volumes in the 35 mm Hg group during exsanguination and 
at 0 min after the completion of blood re-infusion were 
significantly larger than in the 42 and 50 mm Hg groups 
(P<0.01), but there was no significant difference between 
the 42 and 50 mm Hg groups at any time point. After blood 
re-infusion, ADC lesion volume decreased in all groups and 
there was no significant difference compared with baseline. 
Smaller sequential changes in ADC lesion volumes were 
observed in the contralateral hemisphere (Fig. 2). 

Low rCBV area in the 35 mm Hg group (21.2 (17.2) 
mm?) was significantly larger than in the 50 mm Hg group 
(5.5 (2.3) mm’, P<0.05) (Fig. 3). There was no significant 
difference between the 35 and 42 mm Hg groups (6.4 (4.0) 
mm’). Low rCBF area in the 35 mm Hg group (26.2 (15.9) 
mm”) was significantly larger than in the 42 mm Hg group 
(6.9 (5.5) mm?, P<0.05) and the 50 mm Hg group (4.0 (1.8) 
mm?, P<0.01). Linear regression analyses demonstrated that 
there were significant linear relationships between ADC 
lesion area and low rCBV area (7=0.73, P<0.01) and also 
between ADC lesion area and low rCBF area (7=0.85, 
P<(.01) on the slice including the caudate putamen (Fig. 4). 

Of note, the ADC lesion volume during exsanguination 
was significantly larger in the six rats (median 421 mm? 
(range 205—476 mm?), P<0.005) that died within 3 days 
than in the 12 rats that survived (median 26 mm° (range 
3-517 mm*)). In addition, there was a significant difference 
in the ADC lesion volume 30 min after re-infusion of the 
withdrawn blood between the animals that died within 3 
days (median 17 mm? (range 2-53 mm*), P<0.05) and the 
animals that survived (median 4 mm? (range 2-11 mm*)) 
(Fig. 5). 

Histopathological analysis was performed in the 12 rats 
that survived for 3 days following the MRI study. Of the 12 







animals, two animals had a neuronal damage score of 0 (one 
from the 42 mm Hg group and one from the 50 mm Hg 
group), eight had a neuronal damage score of | (four from 
the 42 mm Hg group and four from the 50 mm Hg group), 
and two had a neuronal damage score of 2 (one from the 
35 mm Hg group and one from the 50 mm Hg group). No 
animals had a neuronal damage score of 3 or 4. The 
histopathology of the rats with a score of | or 2 
demonstrated neuronal death (Fig. 6) predominantly in the 
border zone area. 

Figure 7 shows the relationship between the ADC lesion 
area of the specific coronal slice including the caudate 
putamen and the neuronal damage score. The ADC lesion 
areas clearly showed a two-part distribution depending on 
the score. ADC lesion areas of the animals that died or 
showed a neuronal damage score of 2 were more than 
14 mm”. In those animals whose neuronal damage score was 


0 or 1, the ADC lesion areas were less than 11 mm 
Moreover, in those animals that survived, the ADC map at 
30 min after the completion of the blood re-infusion 


displayed a very small lesion area (less than 0.6 mm^) on 
the slice including the caudate putamen. 


Discussion 


We ligated the right common carotid artery in rats and 
induced an intracerebral haemodynamic disturbance by 
exsanguination. The resulting incomplete cerebral ischae- 
mia was successfully imaged using DWI and PWI. Lesion 
volume based on DWI and low perfusion area calculated 
from PWI significantly increased as the exsanguination 
evolved. ADC maps demonstrated larger ischaemic lesion 
volumes in the animals that died within 3 days than in those 
that survived. A larger ADC lesion area correlated well with 
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Fig 3 Low rCBV area (left) and low rCBF area (right) in the 35 (black), 42 (gray), and 50 mm Hg (white) groups. Data are expressed as mean (SD) 
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Fig 4 Relationships between ADC lesion area during exsanguination and 
low rCBV area and between ADC lesion area and low rCBF area on the 
coronal slice including the caudate putamen. There was a significant 
linear relationships between ADC lesion area and low rCBV area (y=0.58x 
+3,3 (r=0.73, P<0.01), dashed line) and ADC lesion area and low rCBF 
area (y=0.77x+2.2 (r=0.85, P<0.01). thick line). 


a more severe outcome (death or worse neuronal damage 
score). 

By combining DWI and PWI in this study, we were able 
to show that there were significant linear relationships 
between the ADC lesion area and low rCBF area, and 
between ADC lesion area and low rCBV area on the slice 
including the caudate putamen. The first relationship 
suggests that these ischaemic lesions caused by low cerebral 
perfusion enlarged as the exsanguination evolved. 
Furthermore, our findings suggest that ADC mapping 
could be used not only to detect intracerebral haemody- 
namic disturbances qualitatively, but also to quantify them. 
In fact, with the ADC lesion volume (area) defined using a 
predetermined threshold,'® '” the spatial evolution of the 
cerebral ischaemic injury was clearly demonstrated as the 
exsanguination evolved. The linear relationship between the 
ADC lesion area and low rCBV area suggests that cerebral 
vasodilation had become maximal and that the vessel had 
already begun collapsing when the ischaemic lesion was 
detected on the ADC map. The different behaviour against 
cerebral perfusion pressure (CPP) between rCBV and 
rCBF??? may partially explain smaller low rCBV area 
than low rCBF area in the representative rat (Fig. 1). 

In our study, we varied target arterial pressure (35, 42, or 
50 mm Hg) to create various degrees of cerebral ischaemic 
injury. As expected, lesion volume based on the ADC map 
showed wide variation among the animals. When we 
compared the results of those animals that died within 3 
days with those that survived. there was a significant 
difference in ADC lesion volume, with surviving animals 
having smaller lesions. It would appear that ADC lesion 
volume reflects the spatial evolution of cerebral ischaemia 
and thus correlates with the severity of the cerebral injury. 
Large lesions may have been the crucial factor that resulted 
in the death of the animals. 

ADC lesion volume after blood re-infusion was also 
compared between those animals that died within 3 days and 
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Fig 5 ADC lesion volume during exsanguination (upper) and after re- 
infusion of blood (lower) in dead and survived rats, ADC lesion volumes 
in dead animals were significantly larger than those animals who 
survived in both periods. Horizontal lines indicate median values. 


those that survived. Regions with low ADC values after 
reperfusion are likely to infarct, because they reflect tissues 
with irreversible ischaemic damage. This has been docu- 
mented in the transient middle cerebral artery occlusion 
model.” In 10 of the 12 animals that survived, the 
histopathological analyses demonstrated neuronal damage 
but not pannecrosis. The fact that these animals also showed 
very small ADC lesions area (less than 0.6 mm”) on the slice 
including the caudate putamen at 30 min after blood re- 
infusion supports the assumption that the cerebral ischaemia 
was not severe in such animals. The cerebral injury was 
mostly reversible, although damaged neurones were seen 
predominantly in the border zone area. When ADC lesion 
areas on the specific coronal slice were compared to the 
neuronal damage scores, there seemed to be a threshold of 
ADC lesion area (14 mm?) over which a more severe 
outcome (death or neuronal damage score 2) was likely. The 
relationship between the ADC lesion area and the neuronal 
damage score observed in the present study suggests that 
ADC mapping may be useful in predicting histopathological 
outcome in animais that survive intracerebral haemody- 
namic disturbance. 
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Fig 6 Histopathologic findings of the ipsilateral cortex in experimental 
rats 3 days after the MRI study (hematoxylin & eosin, original 
magnification X400). (Left) Intact neurones, (right) dark neurones. Dark 
neurones were seen in the rats with a neuronal damage score of | or 2 
predominantly in the border zone area. 


It was also observed that a significantly lower MAP in the 
35 mm Hg group occurred after re-infusion of the 
withdrawn blood (Table 1). This may in part be explained 
by the occurrence of a more severe metabolic acidosis in 
this group. However, as the acid-base abnormality returned 
to near normal at the end of the MRI study, the effect of 
transient metabolic acidosis on outcome may be small. It 
was also noted that a difference in blood glucose concen- 
tration occurred among the groups following the blood re- 
infusion (Table 1). This may be explained by the fact that 
significantly more blood was withdrawn in the 35 mm Hg 
group. Blood glucose may have been partly glycolysed by 
erythrocytes”! and the re-infused blood may have diluted 
the existing blood glucose of the rats in the 35 mm Hg 
group. However, as the outcome of the animals in the 35 
mm Hg group was the worst despite the lower blood glucose 
concentration, the impact on outcome of the difference in 
blood glucose concentration may not be substantial. 

Presently, MRI systems are being developed both for 
clinical use and for intraoperative use during neurosurgical 
procedures performed under general anaesthesia.” ~* 
Already, DWI can be performed to determine whether 
cerebral ischaemia or infarction has occurred following 
completion of the procedure before the patient leaves the 
operating room.” The results of the present study suggest 
that intraoperative DWI and PWI could potentially be used 
to detect early abnormalities of intracerebral haemody- 
namics and thus alert the surgeon to the occurrence of 
cerebral ischaemia as a result of compromised CBF. This 
would facilitate the introduction of brain protective meas- 
ures, such as hypothermia. In addition, intraoperative MRI 
could potentially become a decision-making tool for the 
neurosurgeon. For example, the decision as to whether or 
not to insert a shunt during carotid endarterectomy could 
depend on the results of intraoperative MRI. 


ADC lesion area (mm?) 





Dead 


Score 2 Score 1 Score 0 


Fig 7 ADC lesion area during exsanguination of dead animals and rats 
with neuronal damage score 0, 1, and 2. ADC lesion areas of the animals 
which were dead or showed neuronal damage score 2 was more than 
14 mm? (dashed line) but those of the rats whose neuronal damage score 
was 0 or 1 were less than 11 mm’, 


However, intraoperative DWI and PWI techniques as 
they stand are not yet ready for clinical detection of 
intraoperative cerebral ischaemia or prediction of mortality 
and outcome in patients. The development process towards 
clinical application will require several problems to be 
overcome. First, the cost of the complete system of 
intraoperative MRI must be markedly reduced before 
widespread use becomes possible. MRI-compatible surgical 
instruments including titanium forceps, titanium scissors, 
and titanium retractors are required, and anaesthesia 
machines and monitors should also be MRI compatible. 
Secondly, the size of the MRI scanner must be reduced to 
allow surgeons to obtain optimal access to patients. 
However, this should not be achieved at the expense of 
homogeneity of the magnetic field or function of the MRI 
system. Lastly, the abilities of DWI and PWI to detect 
incomplete cerebral ischaemia and to predict mortality and 
outcome must be validated in humans. 

In conclusion, DWI and PWI both qualitatively and 
quantitatively delineated intracerebral haemodynamic dis- 
turbances. They clearly demonstrate the spatial evolution of 
the cerebral ischaemic injury as the exsanguination evolved. 
During incomplete cerebral ischaemia, the measurement of 
lesion volume as detected by ADC mapping predicted 
mortality. Larger ischaemic lesions detected by ADC map 
on the coronal section, which included the caudate putamen 
were associated with a more severe outcome (death or small 
focal damage). In the future, intraoperative DWI and PWI 
have the potential to facilitate the early detection of 
intracerebral haemodynamic disturbances, thus allowing a 
timely and effective response. 
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Appendix 


MR imaging and data analysis 


MRI 

MRI was performed using a 4.7-T experimental imager/ 
spectrometer system (Unity INOVA, Varian, Palo Alto, CA, 
USA) with a 330-mm horizontal bore magnet equipped with 
shielded gradients (maximal strength, 65 mT m7!) and an 
80-mm-ID quadrature detection coil. The slice plane was 
standardized by first obtaining preview spin-echo images. 


DWI 

Spin-echo DWIs (TR ms/TE ms=2000/64, 40-mm field of 
view, 128% 128 matrix, 2-mm section thickness) consisted 
of nine coronal slices covering most of the rat brain. 
Diffusion weighting was applied along all three axes (b=0 
and 1100 s mm”). A single DWI required an acquisition 
time of approximately 18 min. DWI with a b value of 0 s 
mm ~ corresponds to a T2-weighted image. 


PWI 

PWIs were acquired using a gradient echo imaging 
sequence (TR ms/TE ms=14/8, 10° flip angle, 40-mm 
field of view, 64X64 matrix, 2-mm section thickness, | 
image s™') to follow a fast bolus injection of magnetic 
susceptibility contrast agent. The single PWI slice was 
chosen to coincide with one of the DWI slices and the 
histopathology examination. 


MRI data analysis 

Pairs of DWIs with two b values were used to generate maps 
of the ADC. ADC maps were calculated using the standard 
equation:”° 

ADC=lIn (SgS: \(bi—-bo) 
where So and S; are the signals of the two DWI scans and bo 
and b; are 0 and 1100 s mm. 

Signal intensity of PWIs was converted to the change in 
the T rate, AR>*(t), using the standard equation:”” 28 

AR2*(th=ln [S0S0)/TE 
where S(t) is the signal intensity at time ¢ during passage of 
the contrast agent, S(O) is the baseline value of the pre- 
contrast signal intensity, and TE is echo time. As AR>*(1) is 
proportional to the contrast agent concentration—time 
curves, it can be used to estimate perfusion parameters. 

Assessment of rCBV can be calculated by integrating the 
AR»*(f) time curve with respect to time. The behaviour of 
the physiological time series data as a contrast agent passes 
through the vascular bed is closely represented by the 
gamma-variate curve.” To generate rCBV data without the 
effects of contrast recirculation, the area under the fitted 
gamma-variate curve was integrated. 

An estimate of the vascular transit time (VTT) was 
obtained by subtracting the time of arrival of the contrast 
agent in the cerebral tissue from the first moment of the 
fitted gamma-variate curve. The estimates of VTT and 
rCBV were used to calculate the rCBF by using the equation 
of the central volume principle:*° 


rCBF=rCBV/VTT 
where rCBF was determined for each pixel. 
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Background. Midazolam may suppress conditioned fear after an aversive event by disrupting 
the memory trace formed during conditioning, by altering the emotional part of the aversive 
event, or by the combination of both effects. The purpose of the present study was to deter- 
mine whether affective-related processes contribute to the amnesic-like effects of midazolam 
on aversive events. 


Methods. The effects of acute administration of low doses of midazolam (0.37-3 mg kg`’) on 
fear conditioning (association between a neutral context and an aversive stimulus) and on 
innate anxiety in fearful surroundings were examined in rats. The effect of midazolam on the 
_ deleterious consequences of pre-exposure to the context (a non-aversive event) for subse- 
quent fear conditioning was then compared with its effect on fear conditioning. The role of 
midazolam as an affective context was assessed by performing the testing phase under midazo- 
lam. Possible locomotor Impairment or long-term effects of midazolam were controlled in 
additional experiments. 


Results. Midazolam reduced both contextual fear conditioning and spontaneous fear. The 
deleterious effect of midazolam on pre-exposure to the context was of the same magnitude as 
its effect on the acquisition phase of fear conditioning. The effects of midazolam on both pre- 
exposure to the context and fear conditioning were unchanged when rats received a second 
injection of midazolam before the retention phase. 


Conclusions. Low doses of midazolam that do not impair locomotion suppress conditioned 
fear to the context by acting on memory processes rather than on affective or anxiolytic 
processes. 
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responses 
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Some forms of learning and memory may be preserved 
despite the decrease in cortical awareness that results from 
the use of sedative agents. ™ Th clinical practice, midazolam 
is largely used to alleviate anxiety and to prevent memory 
(implicit or explicit) of frightening experiences ın patients. 
Benzodiazepines are known to impair the recall of inform- 
ation, especially when administered shortly before the 
occurrence of the event for which information is to be 


encoded.? *7 However, the mechanism by which benzodia- 
zepines act on the recall of events that have an aversive 
component remains unclear. Interactions between affective 
and mnemonic processes of benzodiazepines cannot be 
excluded when dealing with the recall of aversive events.*!! 
in this respect. midazolam has been shown to display not 
only amnesic effects" but also potent affective proper- 
ties, such as anxiolysis!© and a pleasant affective state. !7 
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~ Midazolam and contextual fear 


Midazolam might therefore interact with the emotional 
component of an aversive event because of its affective 
properties. More data are thus necessary on the mechanisms 
by which midazolam acts on the learning and memory for 
aversive events. 

During sedation for medical and/or surgical procedures, 
the patient experiences passively aversive information that 
needs to be discarded. This clinical situation could be 
responsible for contextual fear conditioning, a particular 
form of automatic associative learning!» that is relatively 
impenetrable to cognitive control.’ '? Contextual fear 
conditioning is defined as experiencing an aversive event in 
a specific context so as to result in conditioned fear to this 
context. It is a fundamental way in which humans and 
animals learn to associate context with biologically signifi- 
cant aversive events. This particular form of learning now 
appears to be deeply involved in the development of anxiety 
disorder after a stressful experience.” Fear conditioning 
may lead to an emotional memory trace in the absence of 
conscious thought or reflection, the conditioned production 
of fear relying on unconscious processing mediated by 
subcortical neural circuitry centred on the amygdala.!® 7! 

The aim of the present study was to examine the 
mechanisms of action of midazolam on Pavlovian (clas- 
sical) contextual conditioned fear. We determined the extent 
to which low doses of midazolam abolished the contextual 
conditioned fear and the extent to which any reduction ın 
fear conditioning resulted from anxiolytic-like attenuation 
of the emotional component of the aversive event, impair- 
ment of memory processes or a combination of both. 


Material and methods 


All procedures were conducted in accordance with National 
Council Directive 87848 (October 19, 1989, Ministére de 
P Agriculture et de la Forêt, Service Vétérinaire de la Santé 
et de la Protection animales) and European Communities 
Council Directive 86/609/EEC (November 24, 1987). 


Animals 

Three hundred and twenty-six naive male Long—Evans rats 
(CERJ, LeGenest, France), weighing 300-330 g at the 
beginning of the experiments, were used. All animals were 
housed two per cage in the colony room [mean temperature 
22 (SD 2)°C], maintained on a 14-h light, 10-h dark cycle 
(ight on at 07:00) and given food and water ad libitum. All 
animals were handled three times a week before each 
experiment. 


Drugs 

Midazolam (Roche, Basel, Switzerland) was dissolved in 
saline (0.9% sodium chloride) immediately before intra- 
peritoneal injection at different doses (0, 0.37, 0.75, 1.5 and 
3.0 mg kg’) in a volume of 2 ml kg body weight. 


Passive avoidance procedures 


The effect of midazolam on anxiety and learning was 
studied using a passive avoidance apparatus that consisted 
of a cage with two adjacent compartments, one bright and 
large and the other dark and small. The bright compartment 
had white Plexiglas walls, measured 46 cm long, 42 cm 
wide and 44 cm high and was illuminated by a 25 W bulb 
fixed on the wall opposite the entrance to the dark box. This 
latter compartment had black Plexiglas walls and roof and 
measured 30 cm long, 15 cm wide and 15 cm high. The two 
compartments were separated by a guillotine door (10 cm 
wide and 12 cm high). The floor was made of stainless steel 
bars (diameter 0.6 cm) 1.8 cm apart. Scrambled electric 
foot-shocks could be delivered through the floor of the dark 
compartment. 

The general procedure consisted of two trials performed 
24 h apart in the two-compartment apparatus, except when 
otherwise specified. Rats were placed in the large, bright 
compartment (fearful environment), from which they could 
escape into the adjacent small, dark compartment (neutral 
environment). Latency to enter the small dark compartment 
was used as the measure of spontaneous fear for the bright 
compartment. Latency to enter the dark compartment in rats 
previously given shocks in this compartment was used as the 
measure of learning and memory for this aversive event.” 


Assessment of drug-induced locomotor impairment 


The effect of midazolam on forced and exploratory 
locomotion was studying using a rotarod apparatus and an 
‘activity cage’ respectively.” Briefly, the rotarod apparatus 
consisted of an elevated (40 cm high) rotating (2 r.p.m.) bar 
(40 cm long, 6 cm in diameter), divided into three 11 cm 
long sections by four perpendicular disks (diameter 50 cm). 
The activity cage (453030 cm) had an infrared detector 
(IPR124; Talco, Paris, France) placed behind a Fresnel lens 
and located in the roof of the cage, with which it was 
possible to monitor animal movement in the different 
sections of the cage. The signal was fed into a computer that 
totalled all horizontal movements (i.e. the total number of 
crossings from one section to the other) during periods of 
5 min. 


Study design 

We studied the acute effects of low doses of midazolam on 
contextual fear conditioning, as assessed by Pavlovian 
(classical) fear conditioning (experiment 1) and on spon- 
taneous escape from the innate fearful surrounding (experi- 
ment 2). [In a Pavlovian (classical) fear conditioning 
procedure, an initially neutral stimulus (the so-called 
conditioned stimulus, CS), either a discrete signal such as 
a tone or a light, or the experimental surrounding itself, is 
paired with an aversive stimulus such as a brief electrical 
foot-shock (the so-called unconditioned stimulus, US). 
When exposed later on to the CS, normal animals exhibit 
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conditioned fear reactions, such as block of ongoing 
behaviour, freezing and modification of escape or avoidance 
latency.] In our procedure of contextual fear conditioning, 
the animal passively experienced mild electric foot-shocks 
[unconditioned stimulus (US)] in a distinctive neutral 
context [conditioned stimulus (CS)]. The mnemonic and/ 
or anxiolytic mechanisms of midazolam with regard to fear 
conditioning were then examined by comparing the effect of 
midazolam on the aversively loaded event (the CS—US 
association) and on a non-aversive experience (pre- 
exposure to the CS before fear conditioning) (experiment 
3). Initial exposure to the CS (with no aversive stimulus) has 
a deleterious effect on the subsequent CS—US association.” 
This CS-pre-exposure effect (otherwise called the latent 
inhibition phenomenon) is thought to depend upon inform- 
ation about the CS being retained at the time of pre- 
exposure to it.” Finally, we tested the possibility that 
midazolam could act as an affective contextual stimulus 
during both pre-exposure to the CS and fear conditioning 
(experiment 4). Additional experiments (experiments 5 and 
6) were conducted in order to control for locomotor 
impairment and/or possible long-lasting residual actions of 
midazolam. 


Experiment 1. Effect of midazolam on fear conditioning 

On day 1 (conditioning phase), rats were enclosed for 5 min 
in the small, dark compartment, where they were given two 
_ mild inescapable foot-shocks (effective intensity 0.1 mA, 
for 5 s, 20 ms on/140 ms off) delivered 120 and 210 s after 
the beginning of the trial. On day 2 (testing phase), rats were 
placed in the large, bright compartment and latency to enter 
the small dark compartment was recorded (cut-off time 
900 s). Rats were given a single injection of midazolam 
0.37, 0.75, 1.50 or 3.00 mg kg™ or saline 15 min before 
phase 1 (10 rats/group). 


Experiment 2. Effect of midazolam on spontaneous fear 

This was conducted as Experiment 1 except that rats were 
not subjected to foot-shocks during day 1 and a single 
administration of midazolam 0.37, 0.75, 1.50 or 3.00 
mg kg™ or saline took place 15 min before the testing 
phase on day 2 (10 rats/group). 


Experiment 3. Comparison of the effect of midazolam on 
aversive and non-aversive events 

Rats of two groups were initially pre-exposed to the dark 
compartment, where they were enclosed for 30 min; no 
shock was delivered during this period. All rats were 
injected with midazolam 0 or 3 mg kg™ 15 min before this 
CS pre-exposure period (non-aversive event). The animals 
were then subjected to the conditioning phase of the fear 
conditioning procedure as in experiment 1, without addi- 
tional treatment. Rats in two further groups were not pre- 
exposed to the dark compartment and were injected with 
midazolam 0 or 3 mg kg™’ 15 min before the conditioning 
phase (aversive event) as in experiment 1. All animals in the 
four groups were subjected to the testing phase of the fear 


conditioning procedure, as in experiment 1, without 
additional treatment (12 rats/group). 


Experiment 4. Contextual effect of midazolam 

Rats were injected with saline or midazolam 3 mg kg“ 
15 min before the scheduled experimental phase, as follows: 
On day 1, rats of two non pre-exposed groups were given 
midazolam (group 1) or saline (group 2) in their home cage. 
Rats of group 3 were given midazolam and pre-exposed for 
30 min to the dark compartment; no shock was delivered 
during this period. Twenty-four hours later, the three groups 
of rats were then subjected to the conditioning and testing 
phases of the fear conditioning procedure, conducted as in 
experiment 1. All rats were injected with either saline 
(groups 1 and 3) or midazolam (group 2) before the 
conditioning phase. All animals in the three groups were 
given midazolam before the testing phase (14 rats/group). 


Experiment 5. Delayed effect of midazolam 

This experiment was conducted in order to control for a 
possible residual effect of midazolam (at the time of the 
acquisition and/or retention phases) 24 h after the injection. 
If observed, such an effect would hinder the interpretation of 
experiment 3 because rats from the pre-exposed group were 
given midazolam 24 h before their non-pre-exposed 
counterparts. All animals were subjected to the procedure 
described for experiment 1. All rats were injected with 
saline or midazolam, but at different times: 24 h before, 
15 min before or 15 min after the conditioning phase (12 
rats/group). 

In each of the above experiments (1-5), the latency to 
enter (four paws) the dark compartment during the testing 
phase was recorded to the nearest second by an experi- 
menter unaware of the treatment conditions. 


Experiments 6A and B. Control experiments 

These experiments were intended to control for the possi- 
bility that midazolam-induced locomotor impairment might 
have interfered with the results of the present study. In 
experiment 6A, 50 rats were trained in a forced locomotor 
activity task, using a rotarod apparatus. Rats were trained 
during two daily sessions until each of them reached the 
criterion of stability on the cylinder for at least 60 s. On the 
third day, rats were given midazolam 0.37, 0.75, 1.50 or 
3.00 mg kg™ or saline 15 min before testing. The numbers 
of animals staying on the cylinder at least during the first 30 s 
and the number of animals falling during the 60 s test 
session were recorded. 

In experiment 6B, 50 rats were given midazolam 0.37, 
0.75, 1.50 or 3.00 mg kg™ or saline 15 min before being 
placed ın the activity cage. Locomotor activity was recorded 
during a 5 min session test (10 rats/group). 


Statistical analysis 


For experiments 1-5, data were transformed (log;,) to better 
approximate the normal distribution, which is necessary for 
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Fig 1 Midazolam-induced umpairment of fear conditionmg Latency 
Gog)o) to enter the dark compartment (mean and SEM) during the testing 
phase in rats given midazolam 0-3 mg kg’ 15 min before the 
conditioning phase, during which they received two mild electric foot- 
shocks ın the dark compartment *P<0 05 vs control (Dunnett's £ test 
after ANOVA) 


the use of parametric statistics. The data were subjected to 
one-way analysis of variance (ANOVA) followed by post 
hoc tests when needed. 


Results 


Experiment 1. Effect of midazolam on fear 
conditioning 


Figure 1 shows the latency to enter the dark compart- 
ment ın rats previously subjected to two shocks in the 
dark compartment according to the dose of midazolam 
they received before the conditioning phase. When 
placed in the large bright compartment, previously 
non-shocked rats usually enter the small dark compart- 
ment after about 10 s (at least 6 s). We observed 
increased latency (about 200 s) in control rats (saline) 
previously subjected to two shocks in the dark com- 
partment, which was indicative of the fear-conditioned 
response. In rats given midazolam, the latency to enter 
the dark compartment decreased linearly to about 20 s 
as the dose of midazolam increased (test of linearity, 
r=-0.547; P<0.001; = y=-0.302x+1.893). One-way 
ANOVA revealed an overall significant dose effect 
[F(4,45)=5.30; P<0.05]. Post hoc pairwise comparisons 
indicated that the doses of 1.5 and 3.0 mg kg? differed 
significantly from saline [Dunnett’s #¢(4,45)=3.33, 
t(4,45)=3.85; all P<0.05]. 
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Fig 2 Midazolam-induced anxiolysis Latency (log) to enter the dark 
compartment (mean and SEM) dunng the testing phase in rats given 
midazolam 0-3 mg kg’. No shocks were delivered in the dark 
compartment *P<0 05 vs control (Dunnett’s t test after ANOVA) 


Experiment 2. Effect of midazolam on spontaneous 
fear 


Figure 2 shows the latency to enter the dark compartment in 
previously non-shocked rats according to the dose of 
midazolam they received before being placed in the large 
bright compartment. Control rats given saline escaped from 
the large bright compartment after about 10 s, confirming 
their spontaneous aversion to this compartment. One-way 
ANOVA revealed a significant main effect [F(4, 45)=6.97; 
P<0.05]. Post hoc pairwise comparisons indicated that only 
the 3 mg kg” dose of midazolam increased escape latency 
significantly [Dunnett s 1(4,45)=4.15; P<0.05]. 


Experiment 3. Comparison of the effect of 
midazolam on aversive and non-aversive events 


In control rats not pre-exposed to the dark compartment 
before receiving two shocks ın this compartment, the 
latency to enter this compartment during the retention phase 
was on average 400 s (Fig. 3). This value was reduced to 
about 60 s in rats given midazolam 3 mg kg” before the 
conditioning phase (aversive event), thus replicating the 
results obtained in experiment 1. Saline-injected rats given a 
30 min pre-exposure to the dark compartment (non-aversive 
event) 24 h before the conditioning phase of the fear- 
conditioning procedure escaped from the large compartment 
within 100 s; this latency was increased to 480 s in rats given 
midazolam 3 mg kg” before pre-exposure. A 2X2 ANOVA 
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Fig 3 Comparison of the effects of midazolam on aversive (fear 
conditioning) and non-aversive (pre-exposure to CS) events. Latency 
(logio) to enter the dark compartment (mean and SEM) ın (left) non-pre- 
exposed rats injected with saline (white column) or midazolam (black 
column) 15 min before the condinoning phase and (night) rats pre- 
exposed to the dark compartment 15 min after saline (white column) or 
midazolam (black column) On day 1, non-pre-exposed rats stayed ın 
their home cage, whereas pre-exposed rats were placed for 30 min ın the 
dark compartment without shocks The four groups were subjected to the 
conditioning and testing phases on days 2 and 3 respectively. *P<0 05 
(Bonferroni test after ANOVA). 


(pre-exposure, dose) indicated a significant interaction [F(1, 
44)=29.81; P<0.0001] but no main effects [both F(1,44)<1]. 
Post hoc pairwise comparisons using the Bonferroni test 
indicated that non-pre-exposed rats given saline differed 
from those given midazolam and from pre-exposed rats 
given saline. The performance of pre-exposed rats given 
midazolam differed from that of their saline counterparts 
and from those of non-pre-exposed rats given midazolam 
[all 1(44)>3.37; all P<0.05]. 


Experiment 4. Contextual effect of midazolam 


In group 1 animals not pre-exposed to the dark compartment 
before the conditioning phase, the latency to enter this 
compartment during the retention phase (preceded by 
midazolam injection) was on average 300 s (Fig. 4). This 
value was reduced to about 30 s in rats of group 2 given 
midazolam before the conditioning phase, thus replicating 
the results obtained in experiments 1 and 3. In group 3 
animals given midazolam before 30 min of pre-exposure to 
the dark compartment (without shock) before the fear- 
conditioning procedure, the latency to enter this compart- 
ment during the retention phase (preceded by midazolam 
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Fig 4 Midazolam did not induce state-dependent retrieval Latency 
(logio) to enter the dark compartment (mean and SEM) during the testing 
phase of the fear-conditioning procedure in three groups of rats given 
mudazolam 15 min before testing The inset summarizes the expermmental 
schedule of drug admumustration S=saline; M3=midazolam 3 mg kg™! 
(see Material and methods section). *P<005 (Bonferroni test after 
ANOVA) 


injection) was on average 300 s. This latency was in the 
range of the values obtained in rats not pre-exposed. This 
replicated the results obtained in experiment 3. One-way 
ANOVA (group) revealed a significant main effect [F(2, 
38)=24.22; P<0.0001]. Post hoc pairwise comparisons 
using the Bonferroni test indicated that only group 2 
animals given midazolam 15 min before the conditioning 
phase exhibited a significant reduction in latency to move 
out of the bright compartment compared with groups 1 and 3 
[t(38)=6.05 and 6.71 respectively; all P<0.05]. 


Experiment 5. Delayed effect of midazolam 


Whether the injection was given before or after the 
conditioning phase, rats given saline exhibited a similar 
latency to enter the dark compartment during the testing 
phase (Fig. 5). These values were in the range of those 
obtained in control rats in experiments 1 and 3. A 3X2 
ANOVA (injection time, treatment) indicated a significant 
injection time effect [F(2, 66)=14.34; P<0.0001], no 
treatment effect [F(1, 66)=3.33] and a significant interaction 
[F(2, 66)=8.04; P<0.001]. Post hoc pairwise comparisons 
using the Bonferroni test indicated that only rats given 
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Fig 5 Temporal contiguity for midazolam effect on fear conditioning 
Latency (logio) to enter the dark compartment (mean and SEM) during the 
testing phase for groups injected with saline (white columns) or 
midazolam 3 mg kg™! (black columns) 24 h before, 15 mun before or 
15 mın after the conditioning phase *P<0.05 (Bonferroni test after 
ANOVA) 


midazolam 3 mg kg™' 15 min before the conditioning phase 
exhibited a significant reduction in latency to move out of 
the bnght compartment compared with their associated 
controls [t(66)=4.20; P<0.05]. 


Experiments 6A and B. Control experiments 


Rats given midazolam 0-3 mg kg” exhibited no alteration 
of performance on the rotarod test. All the animals stayed on 
the bar for more than 30 s; during the 60 s test, the numbers 
of falls were 0, 1, 0, 1 and 1 for the five groups respectively 
(~?=2.09; not significant) (experiment 6A). The mean (SEM) 
activity scores were 229 (10), 220 (9), 244 (7), 226 (12) and 
227 (11) units for rats receiving saline and midazolam 
0.37, 0.75, 1.5 and 3 mg kg! respectively. One-way 
ANOVA (dose) showed no overall effect [F(4, 45)=0.85] 
(experiment 6B). 


Discussion 
The present study provides evidence that midazolam 
impairs conditioned contextual fear conditioning by acting 
on pure mnemonic rather than emotional processes or a 
combination of the two. Such an effect was observed at low 
doses of midazolam (1.5 and 3.0 mg kg™), at which 
spontaneous or forced motor activities were unaffected, the 
hypnotic dose being above 30 mg kg” intraperitoneally in 
our experimental conditions." 

Indeed, rats subjected to inescapable electric foot-shocks 
(unconditioned stimulus, US) ın the dark side (contextual 
conditioned stimulus, CS) of a two-compartment box 


exhibited a clear increase in latency to enter this compart- 
ment on a subsequent session, an effect that reflects the 
acquisition of the CS-US association. When administered 
before the shock session, midazolam dose-dependently 
counteracted this effect (experiment 1). Such a disruption 
may rely on drug-induced anterograde amnesia, but could 
also have resulted from an anxiolytic effect by the time of 
acquisition. Low doses of midazolam increased the latency 
to escape from the bright compartment, which 1s indicative 
of an anxiolytic effect in rodents (experiment 2) This 
increase ın latency cannot be attributed to any locomotor 
impairment, because spontaneous or forced motor activities 
were unaffected in the same range of doses (experiments 6A 
and B). Moreover, conditioned fear was altered (ie. the 
latency to enter the dark compartment during the retention 
test was shortened) when midazolam was admunistered 
15 min before the shock session but not when the injection 
took place 24 h before or 15 min after the conditioning 
phase (experiment 4). Therefore, residual activity of 
mudazolam at the time of the retention test cannot account 
for the reduction ın the fear reaction observed in experiment 
1. However, one could argue that midazolam reduced the 
perception of the aversive unconditioned stimulus (shocks) 
by an antinociceptive effect. There ıs clear evidence in the 
literature that midazolam is totally devoid of any analgesic 
effect. ? Similarly, preliminary data obtained ın our 
laboratory showed no effect of midazolam 3 mg kg” on the 
threshold of the shock intensity to elicit a jump in rats 
compared with saline administration. 

Because learning an aversive effect occurs in an 
emotional frame, the reduction in conditioned fear of the 
context by midazolam may result from changes in the 
emotional/affective aspects of the situation at the learning 
stage, the mnemonic processes or the combination of both 
phenomena. !° Midazolam could have disrupted the 
establishment of the CS~—US association through an 
anxiolytic-related reduction in the emotional part of this 
aversive event. If midazolam disrupts the CS—US associ- 
ation through mnemonic processes, it should exert this 
effect whether or not the event that is to be conditioned has 
an aversive component. The CS pre-exposure procedure 
(see Material and methods) was used to control for such a 
possibility (experiment 3). Thirty minutes of pre-exposure 
to the dark box (CS alone) before the CS—US association 
(conditioning phase) resulted in a reduction in the latency to 
enter this compartment during the retention phase. Pre- 
exposure to the stimulus that was to be conditioned had a 
deleterious effect on the subsequent acquisition and/or 
expression of the CS—US association. In rats given 
midazolam before CS pre-exposure, latency to enter the 
dark compartment during the retention phase of the fear 
conditioning procedure was lengthened to a value similar to 
that observed in control non-pre-exposed rats. Pre-exposure 
to the dark compartment was a non-aversive experience 
compared with the conditioning phase, during which rats 
received uncontrollable shocks. The administration of 
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midazolam resulted ın total suppression of the effect of CS 
pre-exposure on fear conditioning. This shows that the 
midazolam-induced alteration in fear conditioning was 
more likely to be accounted for by disruption of memory 
formation rather than by an anxiolytic-like reduction in the 
emotional component of the CS—US (shocks) association or 
by reduction in the perception of the aversive unconditioned 
stimulus. Another benzodiazepine, chloradiazepoxide, has 
been shown to suppress the CS pre-exposure effect on fear 
conditioning in rats, but such an effect was observed only at 
high sedative doses.”° 7 

However, it could be argued that midazolam acted as a 
context alone during both the pre-exposure and the condi- 
tioning phase.*” Because the retention phase was performed 
with no additional treatment in experiments 1 and 3, a drug- 
to-no-drug state change could account for the observed 
effects of midazolam on both the CS pre-exposure and fear 
conditioning. It has been reported regularly that drugs such 
as benzodiazepines might induce a state-dependent retrieval 
phenomenon that is seen only when the retention test is 
performed with drug.” Moreover, because midazolam 
displays affective properties (pleasant affective state), '’ one 
could argue that midazolam acted as a pleasant contextual 
stimulus during the pre-exposure phase, changing a non- 
aversive experience (pre-exposure) to a pleasant experience. 
Such a shift of affective context between the pre-exposure 
and testing phases has been shown to impair the effect of 
pre-exposure on fear conditioning.” In experiment 4, we 
found that the midazolam dose of 3 mg kg” totally 
suppressed the deleterious effect of CS pre-exposure on 
subsequent fear conditioning, even when the testing phase 
was performed in a ‘midazolam state’. This replicated the 
results obtained in experiment 3. At the same time, 
midazolam disrupted the fear conditioning in rats given 
midazolam before both the acquisition and the retention 
phase, as observed in experiments 1 and 3. These data show 
clearly that a shift of context or a state-dependent retrieval 
phenomenon cannot be responsible for the observed effects 
of midazolam on the CS pre-exposure effect and on fear 
conditioning. 

One of the principal goals of using midazolam in clinical 
practice is to produce amnesia for untoward events.” °" In 
humans, it has been demonstrated that midazolam induces 
anterograde amnesia, depending on the dose.'* aed 
However, the work mentioned above studied the memory 
(implicit or explicit) for non-emotionally loaded informa- 
tion (words, pictures) or the explicit recall of untoward 
events (pain, fear) in patients in whom a state of excessively 
deep sedation was often produced to obtain some-amnesic 
like effect. Midazolam-induced amnesia, independently of a 
reduction in awareness, has been described in particular 
forms of learning: memory (implicit or explicit) for non- 
emotionally loaded information,’* ** *! procedural learning 
in humans’? and operant learning in animals (in which the 
animal learns what occurred in the environment in response 
to its behaviour).”° ® These forms of learning do not reflect 


exactly the mechanism of learning in patients passively 
experiencing an aversive event. It was for this reason that 
we examined the effects of low doses of midazolam on 
Pavlovian fear conditioning in animals passively experienc- 
ing an aversive stimulus. Our findings-in rats suggest that 
midazolam might suppress the subsequent conditioned fear 
resulting from an aversive event occurring under conscious 
sedation (when verbal contact is maintained in humans). 

In conclusion, low doses of midazolam (less than 10% of 
the hypnotic dose) were able to prevent the expression of 
conditioned fear after an aversive event in rats. The main 
mechanism by which midazolam acts on such contextual 
fear conditioning relies on its memory effect. The anxiolytic 
effect of midazolam in a fearful context plays a negligible 
role compared with its effect on memory processes. The 
mnemonic processes (acquisition, storage or retrieval) 
involved in the disruption of contextual fear learning by 
midazolam are currently under investigation. 
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The practice of perioperative fluid therapy is variable, 
ranging from ‘high volume’ to ‘dry’ regimen. A review of 
the data on the effect of ‘high volume’ perioperative fluid 
therapy suggests that the resulting overhydration may have 
deleterious effects on cardiac and pulmonary function, and 
on recovery of gastrointestinal motility (postoperative 
ileus), tissue oxygenation, wound healing and coagulation. 
These observations call for randomized studies of the effects 
of ‘high’ vs ‘low’ volume replacement therapy on post- 
operative morbidity, in order to establish evidence-based 
guidelines for perioperative fluid management. 

Perioperative fluid replacement has been, and still is, the 
focus of much debate. This debate has primarily focused on 
the various types of fluid components available for 
replacement therapy, and not on the actual amount of fluid 
administered. 

The principles of perioperative fluid therapy were 
fostered in the late 1950s and early 1960s. Recom- 
mendations for restricted fluid regimen came primarily 
from Francis Moore,®° arguing that the net effect of the 
obligatory metabolic—-endocrine response to trauma, which 
is conservation of water and sodium, implied restriction in 
fluid delivery. In contrast, Tom Shires!?? postulated a 
decrease in extracellular volume after surgery, due to 
internal redistribution of fluids, the ‘third space’ losses, and 
advocated replacement of these losses by additional fluid 
infusion. These considerations were supported by studies 
during the Korean War, where large amounts of fluid were 
administered in trauma patients with improved survival, 
thereby also influencing the recommendations for elective 
surgery.° The concept of resuscitation in order to achieve 
supranormal circulatory function was developed in the 
1970s and 1980s by Shoemaker,’*° and obtained primarily 
by the use of fluid infusions and inotropes. Clinical practice 


has largely been influenced by Shires’ recommendations 
and it has not been uncommon to see very large amounts of 
fluid administered in elective surgical procedures, way in 
excess of the actual losses. This is especially the case in 
major aortic or abdominal surgery, where 4-6 litres or more 
of intraoperative fluid substitution (apart from replacement 
of blood losses) have been given,” *° © 134 or in peripheral 
vascular surgery with more than 6 litres of fluid adminis- 
tered within surgery and the first 24 h after surgery, despite a 
minimal blood loss.'? Up to 4 litres of fluid have been 
administered within the first 24 h in patients undergoing 
laparoscopic cholecystectomy.’ In contrast, in thoracic 
surgery, relatively ‘dry’ regimen have been considered to be 
beneficial, due to the association between the amount of 
administered fuid and the development of post-pneumo- 
nectomy pulmonary oedema.”? 1? 149 

Several issues in perioperative management may account 
for the administration of excessive amounts of fluid, 
including concern about preoperative fluid deficits (de- 
hydration, primarily derived from prolonged preoperative 
fasting and bowel preparation), attempts to support the 
circulation and cardiac function after general and regional 
anaesthesia, attempts to control the circulation postopera- 
tively, administration of crystalloid or colloid to avoid blood 
transfusion, preservation of urine output and preservation of 
a high CVP from fluid infusion. 

Administration of excess fluid may cause several prob- 
lems after surgery. The resulting increased demands on 
cardiac function, due to an excessive shift to the right on the 
Starling myocardial performance curve, may potentially 
increase postoperative cardiac morbidity. Fluid accumula- 
tion in the lungs may predispose patients to pneumonia and 
respiratory failure. The excretory demands of the kidney are 
increased, and the resulting diuresis may lead to urinary 
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Table 1 Hormonal responses to surgery and fluid overload 


Hormone Response to surgery Response to overload Effect on fluid distribution 
(Reference numbers) 
Aldosterone Increase (27, 143) Decrease (142) Sodium and fluid retention, potassium excretion 
Anndiuretic hormone Increase (27, 143) Decrease (48) Water retention 
Renin—angiotensin H Increase (27, 143) Decrease (2-4, 94, 142) Sodium and fluid retention; potassium excretion 


Atrial natriuretic peptide Increase or no change (59, 62, 63) 


retention mediated by the inhibitory effects of anaesthetics 
and analgesics on bladder function. Gastrointestinal motility 
may be inhibited, prolonging postoperative ileus. Excess 
fluid may decrease tissue oxygenation with implications for 
wound (anastomotic) healing. Finally, coagulation may be 
enhanced with crystalloids, which may predispose patients 
to postoperative thrombosis. 

In this review we summarize the pathophysiology of 
perioperative fluid excess, and review the effects of it on 
organ function and the potential clinical implications. We 
discuss the aspects of fluid management in regional 
anaesthesia, and the implications of immobilization on 
fluid homeostasis. We focus on perioperative fluid therapy 
in elective surgical procedures. We do not intend to present 
recommendations on fluid replacement strategies, or to 
discuss the various components available for fluid replace- 
ment or the current methods of monitoring fluid balance. 
Furthermore, we do not intend to discuss the treatment 
options for hypovolaemia or the use of i.v. fluids in critically 
ill patients. 


Surgical stress and fluid responses 


Water makes up 60% of total body weight, one third of it 
being extracellular fluid volume (ECV) (interstitial fluid and 
plasma), and two thirds being intracellular volume. 
Transportation of fluid between the body compartments is 
regulated by the Starling equilibrium, the decisive variables 
being differences in hydrostatic and colloid osmotic pres- 
sure, and specific permeability coefficients. In response to 
surgery, serum colloid osmotic pressure is decreased,“ 125 
which is primarily caused by increased capillary permea- 
bility, resulting in fluid shifts from the vascular bed to the 
interstitial fluid. '* Dilution secondary to crystalloid 
infusions may also contribute.’! In addition, as a physio- 
logical response to a decrease in intravascular pressure, fluid 
movement from the extravascular to the intravascular space 
occurs, as demonstrated in a human volunteer study where 
experimental hypovolaemia led to fluid movements from 
tissue to blood.”* 

Changes in ECV after surgery have been much debated, 
and fluid replacement today is greatly influenced by 
Shires,!?7 12° who postulated a decrease in functional (i.e. 
exchangeable) ECV after elective surgical procedures and 
haemorrhagic shock. According to Shires, surgical trauma 
per se (without administration of fluids) led to a decrease in 


Increase (54, 68, 119, 146) 


Diuretic, natriuretic 


functional ECV, which was proportional to the degree of 
surgical trauma.!”° Shires primarily explained the decrease 
in functional ECV by sequestration of fluids within the 
traumatized area or expansion of the intracellular volume, 
and therefore advocated replacement of these losses with 
additional saline infusions.'°!78!79 However, these 
observations have been contradicted by several other 
investigators reporting unchanged,*? 6591138 or even in- 
creased,”! '!? ECV in postoperative patients, and studies in 
major surgery suggest that ECV expansion may correlate 
with intraoperative fluid administration.” !!* Thus, a posi- 
tive fluid balance of 3 litres was associated with unchanged 
ECV, but a smaller or larger fluid excess with a decrease or 
increase in ECV, respectively.” In other studies, mtra- 
cellular volume has been found to be decreased after surgery 
(intracellular dehydration).*! Difficulty in obtaining 
accurate measurements of the fluid phases is generally 
recognized,®® however, and may relate to the use of isotopes 
with different volumes of distribution, different equilibrium 
times and general changes in equilibrium times and 
distribution volumes as a consequence of the surgical 
trauma. 

Therefore, despite 30 yr of research, perioperative ECV 
changes have not been clarified. However, the present data 
suggest that the magnitude of ECV decrease suggested by 
Shires may not be accurate, partly because the type of 
surgery, anaesthesia and perioperative fluid management 
were not standardized. Further studies are required to assess 
ECV changes after surgery with standardized regimen. 

Surgery elicits a stress response of combined endocrine 
and inflammatory origin.?”'“? Several of the hormones 
involved in this response may exert a potentially profound 
influence on the distribution of body fluids (Table 1). 
Generally, the endocrine response to surgical trauma leads 
to conservation of sodium and water and to excretion of 
potassium, the principal mediators being antidiuretic hor- 
mone (ADH), aldosterone and the renin—angiotensin I 
system.”’'43 The increased ADH secretion leads to 
enhanced water reabsorption in the kidney, resulting in a 
postoperative decrease in diuresis and a decrease in plasma 
concentrations of sodium. The increased secretion of 
aldosterone and renin leads to conservation of sodium and 
excretion of potassium. Several other mediators, enhanced 
by the surgical stress, may influence the distribution of fluid. 
Thus, increased cortisol secretion, an obligatory stress 
response, may be of major importance in the control fluid 
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homeostasis, primarily through permissive actions to main- 
tain capillary integrity.'!” In addition, the cortisol-induced 
inhibition of excessive inflammatory activity response to 
trauma may reduce postoperative fluid shifts.!!” Atrial 
natriuretic peptide (ANP) secretion in response to surgery is 
unclear because ANP secretion may be increased in older 
patients, in contrast to unchanged ANP levels in younger 
patients.” ©? © ANP may induce natriuresis, diuresis and 
inhibition of aldosterone and ADH secretion.” Further- 
more, inflammatory mediators, like IL-6, TNF, substance-P 
and bradykinin may ‘act as vasodilators and increase 
capillary permeability. The release of these inflammatory 
mediators is proportional to the magnitude of the surgical 
trauma.°® The hormonal release in response to surgical 
trauma therefore generally induces a shift toward water and 
sodium retention, while the excretion of potassium is 
increased, paralleling the increase in catabolism. 

Studies in healthy volunteers make it possible to inves- 
tigate the individual factors of importance in perioperative 
fluid balance, independently of the surgical trauma; the 
surgically induced factors, such as increased capillary 
permeability, are eliminated when studying volunteers. In 
order to investigate the effects of the stress responses seen 
after surgery per se, continuous infusions (>2 days) of 
cortisol/hydrocortisone, glucagon and epinephrine have, in 
three studies in healthy volunteers, been found to decrease 
sodium excretion and increase potassium excretion. +! 14° 
Furthermore, in two of these studies a weight gain of 
approximately 0.4 and 1.7 kg, respectively, was seen.'! 14° 
These findings were not modified by the concomitant 
infusion of an inflammatory agent (ethiocholanolone),'” 
despite an increased acute phase protein response. These 
results demonstrate that activation of the stress response 
leads to fluid retention. 

In contrast, several of the stress responses to injury may 
be influenced by fluid volume expansion per se. Increased 
capillary permeability leading to increased filtration - of 
plasma proteins was seen after infusion of Dextran 1000 ml 
or 360 ml of albumin in healthy volunteers.” The inhibition 
of aldosterone secretion with fluid infusions is well estab- 
lished, both in healthy volunteers and surgical patients.'4? 
Attenuation of ADH secretion seems only to occur with high 
volume fluid infusions of about 50 ml min',** while lower 
infusion volumes of 15 ml min™ 1° or 15 mi kg! h” °? did 
not attenuate it. ANP secretion is increased after saline 
infusion in healthy volunteers,” 68 119 146 but the response is 
transient and occurs within and immediately after the 
infusion. The renin—angiotensin I secretion is inhibited 
with fluid administration, and evidence suggests that the 
renin—angiotensin H system is of major importance in the 
excretion of a fluid overload.” * 79 ™ 142 However, there is 
no systematic evaluation of ANP and renin responses to 
fluid regimen in surgical procedures. 

A large fluid volume therefore influences several of the 
hormonal responses to injury in surgical patients (decrease 
in ADH, decrease in aldosterone), while the effect of fluid 
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Fig 1 Effects of perioperative fluid therapy on the Starling myocardial 
performance curve. 


administration on other hormones known to be increased 
postoperatively (renin and ANP) has only been systematic- 
ally evaluated in healthy volunteers. Thus, the effects of 
perioperative fluid administration on the stress responses to 
surgery are unclear and need to be evaluated in clinical 
studies comparing high vs low fluid regimen. 


Organ dysfunction and postoperative 
complications 


Cardiac function and morbidity 


The physiological relationship between cardiac filling and 
cardiac output is described in Starling’s myocardial per- 
formance curve (Fig. 1). The curve describes the functional 
consequences of alterations in preload ón cardiac output, 
and is the rationale behind improvement of cardiac output 
by volume administration. Until a certain point, volume 
expansion leads to increased cardiac output due to increased 
end-diastolic ventricular filling. Beyond that point, in- 
creased end-diastolic volume will lead to a decrease in 
cardiac output due to depression of ventricular function. 
Measurements of cardiac responses (primarily cardiac 
output) in response to a fluid load have been used to define 
the optimal ventricular filling pressures (evaluated by 
pulmonary artery catheter measurements).!°77'41 How- 
ever, although increases in end-diastolic filling pressures 
may increase cardiac output, the effects on other aspects of 
ventricular function, such as the ejection fraction and end- 
systolic pressure, may occur at different filling pressures. ’° 
This makes determination of the effect of the optimal end- 
diastolic filling pressure on overall cardiac function difficult 
by intravascular catheter measurements. In one study during 
cardiac surgery, plasma volume expansion to achieve 
maximal ventricular stroke volume assessed by oesophageal 
Doppler measurements (on average 900 ml crystalloid and 
1400 ml colloid) led to a significantly better perfusion of the 
gastrointestinal mucosa and a significant decrease in major 
postoperative complications (major infections, stroke, para- 
lytic ileus, respiratory failure and death).*° Furthermore, in a 
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randomized study in 40 patients undergoing surgery for 
hip fracture, intraoperative fluid infusion to maximize 
ventricular stroke volume (on average 750 ml of colloid 
infusion) led to improvements in postoperative mobilization 
and hospital stay.*?! In these studies, however, patients did 
not receive excessive fluid, but were adequately resusci- 
tated, thus optimizing their position on the Starling curve. In 
a prospective study of 4059 patients undergoing major 
elective non-cardiac surgery, patients who underwent 
perioperative right-heart catheterization had a threefold 
increase in the incidence of major postoperative cardiac 
events (ischaemic events, arrhythmia or heart failure) 
compared with patients who were not catheterized (15.4 
vs 3.6%).'™ The catheterized patients were also given more 
fluids (net fluid balance of 3.2 vs 2.0 litres), and the authors 
suggested that the adverse outcome was due, at least in part, 
to excessive fluid administration. However, since fluid 
administration was determined by right-heart catheteriz- 
ation and not investigated per se, these results are incon- 
clusive with regard to the potentially deleterious effects of 
fluid overload. ` 

Fluid loading to optimize cardiac function should there- 
fore be guided by the Starling curve, and may have 
beneficial effects on postoperative organ function. 
Theoretically, perioperative infusions of excessive amounts 
of fluid may increase cardiovascular demands and morbid- 
ity. However, this has not been specifically investigated in 
randomized studies comparing low vs high fluid regimen. 


Pulmonary function and complications 


Removal of excess fluid from the alveolar space is also 
driven by active sodium transport, and not only, as 
previously believed, by differences in hydrostatic and 
colloid osmotic pressures.’” The sodium channels involved 
may potentially be upregulated by catecholamines and 
glucocorticoids as well as by proinflammatory cytokines, all 
of which are increased in response to surgery,” and 
‘modified by fluid administration as already discussed. This 
may account for the conflicting evidence from previous 
studies examining the relations between fluid administration 
and pulmonary oedema.>” In response to an i.v. saline load 
of 22 ml ke in healthy volunteers, functional residual 
capacity decreased by 10% and diffusing capacity by 6%, 
both of which had not returned to normal 40 min after the 
infusion (later measurements were not made).** In another 
study in five volunteers, infusion of 1 litre of isotonic saline 
led to small decreases in total lung capacity (about 0.25 
litres) and forced vital capacity (about 0.1 litres), which 
returned to normal after 1 h. Infusion of 2 litres of normal 
saline led to a similar decrease in the same variables; the 
effects were still present 1 h after the infusion, but recovered 
after subsequent furosemide administration.” 
The-incidence of pulmonary oedema after lung surgery 
may be as high as 12-15%.** The pathogenesis is unclear, 
but impaired lymphatic drainage, the extent of surgical 


injury and one-lung ventilation may be of importance. The 
volume of fluids administered during the perioperative 
course has been found to correlate with the development of 
post-pneumonectomy pulmonary oedema.!?? 137149 In 
retrospective studies, a 24-h fluid replacement of >3 litres,” 
and intra-operative fluid load of 2000 ml or more,” were 
predictive factors for the development of post-pneumon- 
ectomy pulmonary oedema. However, in some retrospective 
studies, post-pneumonectomy pulmonary oedema was not 
related to the volume of administered fluids." 1°? These 
findings have not been investigated in randomized clinical 
trials comparing high vs low fluid regimen. 

In non-thoracic surgery, excessive fluid administration 
may also result in adverse respiratory function. In 13 
patients, the development of lung oedema after various 
elective surgical procedures correlated with a net fluid 
retention exceeding 67 ml kg "day". In a randomized 
study between general and regional anaesthesia in peri- 
pheral vascular surgery with minimal blood loss, patients 
received more than 6 litres of crystalloid infusion within 24h 
after surgery.’ Despite the low surgical stress, the overall 
pulmonary morbidity was exceptionally high, since 10% of 
the patients developed respiratory failure.’® 


Renal function and urinary retention 


Since the -kidneys are responsible for excretion of the 
majority of administered fluids, renal functional demands 
are increased in a state of fluid overload. In addition, the 
hormonal responses after injury may decrease water and 
sodium excretion, primarily due to the enhanced secretion 
of ADH, aldosterone and renin.” The glomerular filtration 
rate (GFR) was significantly increased with administration 
of 210-300 ml m°? h of a balanced salt solution compared 
with 75-200 ml m? h during surgery.“ In 53 patients 
undergoing major vascular surgery, GFR was also found to 
increase after surgery, with cumulated fluid balances of 
2.2-6 litres, explained by an increase in ECV, renal plasma 
flow or both.” On the other hand, several studies in healthy 
volunteers have demonstrated that excretion of an acute 
saline overload (22 ml kg”) takes approximately 2 
days.” Of 20 burn patients receiving an overload of 
3-7 litres, only ten had excreted the overload within 1 
week.°? The prolonged fluid elimination has been found to 
correlate with elevated levels of urodilatin (an ANP-related 
polypeptide), and decreased levels of renin in healthy 
volunteers.” 7° 

General anaesthesia may exert an inhibitory effect on 
renal haemodynamics and function, reflected in the depres- 
sion of GFR, urinary volume and sodium excretion.”° 
However, the relationship between haemodynamics and 
renal function is not clear. Thus, ın 987 patients undergoing 
total hip replacement with hypotensive epidural anaesthesia, 
in which intraoperative fluid averaged 1200 ml, renal 
dysfunction was not present. !24 
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Without fluid load, urine output is negligible under 
general anaesthesia. Consequently, fluid is generally 
administered to maintain a higher urine output, based 
upon a fear that renal failure may develop if urine flow is 
low.!?6 However, there ıs no evidence of an association 
between low urine output per se and the development of 
renal failure (providing hypovolaemia is not present), as 
demonstrated in 137 consecutive patients undergoing 
abdominal aortic revascularization, where intraoperative 
urine output did not predict postoperative renal function.' 
Optimal preoperative fluid loading using the Starling curve 
(left side of the Starling curve, Fig. 1) has not been proven to 
prevent postoperative renal insufficiency.'°8 In 100 critic- 
ally ill patients, development of oliguria was not related to 
the amounts of fluid administered,'*” and it occurred ın the 
presence of normal blood urea and creatinine. In 24 patients 
undergoing major neck surgery and randomized to 
‘generous’ or ‘restricted’ fluid regimen, intraoperative 
urine output ın the ‘restricted’ fluid group was 0.4 ml kg! 
h` compared with 1.33 ml kg” h™ in the ‘generous’ fluid 
group. "96 Nevertheless, postoperatıve renal function re- 
mained normal in both groups. In 14 adult recipients of 
living-donor kidneys, who were randomly assigned to high 
fluid replacement (urine output plus 30 ml h`’) or low fluid 
replacement (constant 125 ml h), urine output was 
significantly higher in the high-replacement group, and 
urine osmolality was significantly higher in the low- 
replacement group.*? However, no differences were found 
between groups in 48-h fluid balance or GFR. 

Intraoperative oliguria due to moderate fluid restriction is 
not therefore detrimental to renal outcome. Excretion of a 
fluid excess in the range of 1.5-2 litres may take more than 2 
days in healthy volunteers and even more in surgical 
patients, indicating that the functional demands of the 
kidney may be increased for up to a week after surgery, 
depending on the nature and amount of fluid administered 
and the magnitude of surgery. However, the role of fluid 
excess in postoperative renal morbidity is unknown. 

Urinary retention is commonly seen after surgery, and is a 
recognized complication of spinal and epidural local 
anaesthetic techniques, as well as postoperative opioid 
analgesia, due to their inhibitory effects on bladder muscle 
function.” 1°! A fluid overload may therefore increase the 
risk of postoperative urinary retention. However, urinary 
retention may occur also in the absence of overload, as in 
patients with prostate hypertrophy. Compared with other 
surgery, patients having anal or hernia surgery are at greater 
risk of developing postoperative urinary retention.” Thus, 
restriction of perioperative fluids in anorectal surgery 
reduces the risk of urinary retention. 161% 120 In hernia 
surgery, perioperative administration of >1200 ml of 
fluid’™ or fluid infusions of >750 ml** was significantly 
associated with an increase in the incidence of urinary 
retention. In a randomized study in 133 hernia patients, 
admunistration of <500 ml fluid compared with 1300 ml, led 
to a lower (although non-significant) incidence of urinary 


retention.) However, a randomized study of intraoperative 
administration of 2 ml kg™' vs 10 ml kg™ of i.v. fluid to low- 
risk outpatients (no hernia or anal surgery, and no history of 
urinary retention in patients with regional anaesthesia),”® 
found no difference in urinary retention between the groups. 
Retrospective studies in patients undergoing hysterec- 
tomy,” appendectomy, !°! and cholecystectomy, 1°? did not 
find significant correlations between fluid administration 
and postoperative urinary retention. 


Abdominal compartment syndrome and 
gastrointestinal function 


The abdominal compartment syndrome (ACS) is defined as 
a postoperative or post-traumatic elevation in intra- 
abdominal pressure leading to adverse physiological effects, 
most commonly respiratory and renal failure.'* Develop- 
ment of ACS may be associated with the administration of 
large amounts of fluid. Thus, the crystalloid volume 
administered to six patients with ACS was found to be 19 
litres in <24 h.% Infusion of a volume equal to 15-20% of 
the body weight led to elevated intra-abdominal pressure 
and decreased respiratory function in an experimental study 
in pigs.*® In addition, increased: abdominal pressure has 
been found to stimulate ADH release, thus promoting 
further fluid retention.” 

Fluid overload may lead to oedema of the gut, possibly 
contributing to enteric nutritional intolerance, prolonged 
ileus and translocation of endotoxin or bacteria, with 
potentially deleterious implications such as sepsis and 
multiorgan failure. !** However, evidence from a study in 
18 patients undergoing gastrointestinal surgery suggests that 
infusions of crystalloids as opposed to colloids may 
predispose them to the development of intestinal oedema.'”’ 
These patients randomly received either lactated Ringer’s 
solution (mean volume infused, 3850 ml), 10% hydroxy- 
ethyl starch (mean volume infused, 1358 ml), or 20% 
human albumin (mean volume infused, 463 ml), to maintain 
central venous pressure at the preoperative level. Colloid 
osmotic pressure was unchanged in the colloid groups, and 
intestinal oedema was found only in the group receiving 
crystalloids. Results from a study in 20 patients undergoing 
colonic surgery and randomized to a ‘standard’ post- 
operative fluid regimen (minimum of 3 litres of water and 
154 mmol sodium day”), or a restricted postoperative fluid 
regimen (maximum of 2 litres of water and 77 mmol sodium 
day”), found a significant reduction in postoperative ileus 
with fluid restriction 4.0 vs 6.5 days).”° Furthermore, 
postoperative hospital stay decreased from a median of 9-6 
days in the patients with the restricted postoperative fluid 
regimen. Lowered concentrations of plasma proteins may 
follow administration of 2 htres of saline even in the 
absence of surgery, 57 and in experimental studies 
hypoproteinaemia was associated with decreased gastro- 
intestinal motility.*’ In a prospective study in vascular 
surgery, an albumin concentration of <35 g litre’! did not 
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correlate with increased duration of postoperative ileus, 
compared with patients where the concentration of albumin 
was maintained above 35 g litre’? with albumin infu- 
sions. In experimentally performed gastrointestinal 
anastomoses in rabbits, administration of 5 ml kg? h` of 
isotonic saline during surgery followed by 200 ml in the first 
48 h after surgery (compared with no fluid administration), 
led to a significant increase in tissue weight at the 
anastomotic site, persisting for 5 days after surgery.!” The 
resulting impairment in tissue oxygenation may potentially 
have deleterious effects on anastomotic healing. The 
available data from these studies are preliminary and need 
to be addressed ın future, randomized, large-scale clinical 
trials. 


Oedema, wound healing and tissue hypoxaemia 


Oedema is a clinical sign of subcutaneous fluid accumula- 
tion, which inevitably leads to impaired oxygen diffusion 
and decreased tissue oxygen tension, due to increased 
endothelial cellular distance. The relation between serum 
colloid osmotic pressure and interstitial oedema is not 
directly proportional, since the oedema becomes progres- 
sively greater as serum colloid pressure decreases.”? Tissue 
oxygen tension in experimental wounds, measured by 
aspiration of fluid from an implanted mesh cylinder, was 
progressively lowered with increasing amounts of fluid 
administered, when 2.5, 5 or 10 ml kg™ of isotonic saline 
solution was administered to rabbits.** Furthermore, when 
10 ml kg” of isotone saline was administered, it took 3.5 
days for tissue oxygen tension to recover to control values. 
In a randomized study in 42 patients scheduled for major 
abdominal surgery, 24 h of intra- and postoperative 
administration of 3 litres of hydroxyethyl starch and 3 litres 
of Ringer’s solution was compared with 11.7 litres of 
Ringer’s solution. There was a resulting significant decrease 
in tissue oxygen tension (measured via a catheter inserted in 
the deltoid muscle) ın the crystalloid group.” However, in a 
randomized trial in major abdominal surgery, replacement 
of fluid according to measurements of subcutaneous oxygen 
tension (via a silicone catheter inserted subcutaneously in 
the upper arm) rather than by clinical criteria (5.7 vs 4.6 
litres of crystalloid administered on the day of surgery), 
resulted in improved collagen accumulation in wounds. 
Since wound healing may be inhibited by tissue hypox- 
aemia,>' the risk of decreased oxygen tension secondary to 
interstitial fluid accumulation should be further evaluated in 
studies of low vs high fluid administration. 


Coagulation 


Impaired coagulation 1s a recognized complication of the 
use of synthetic colloids for volume replacement.** In 
contrast, infusions of crystalloids have been demonstrated to 
induce a hypercoagulable state both in vitro and 
in vivo, t5 which is not seen with some colloid 
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Normal contractility 


Depressed contractility 
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Fig 2 Relationship between cardiac output and fluid admunistrauon 
General anaesthesia or extensive epidural/spinal anaesthesia result in 
venodilatation and cardiac depression Venodulatation leads to a 
reduction ın preload depicted by transfer from Point A (baseline) to B on 
the normal contractility curve Cardiac depression results in a fall to a 
depressed contractility curve (Pomt C) Restoration of cardiac output 
with fluid alone ıs depicted by the line from Point C to D With 
resolution of epidural anaesthesia or emergence from general anaesthesia, 
the patient 1s apt to be hyperdynamuc and fluid overloaded (Point E) By 
contrast, if extensive epidural/spinal anaesthesia is managed with 
vasopressors, restoration of contractility (Point C to B) and venous tone 
(Point B to A) can be achieved without fluid loading 


infusions.” The mechanisms behind the hypercoagulable 
effects of crystalloids are unknown, but decreased activity 
of anticoagulatory factors may be of importance.''® These 
findings have been confirmed in 60 patients undergoing 
major abdominal surgery, randomized to receive 1.v fluids 
during or after the operation (i.v. Hartmann’s solution 1 litre 
h` of operation and dextrose-saline 2-3 litres 24 h™! for 
2 days), or receiving no i.v. fluids dunng or after surgery.°° 
The incidence of postoperative deep venous thrombosis was 
significantly higher ın the patients receiving fluids (30%), 
compared with only 7% in the patients who did not receive 
i.v. fluid. Furthermore, the patients receiving fluids became 
significantly more haemodilute and hypercoagulable com- 
pared with those who did not. However, the results from this 
study are difficult to interpret, since administration of no 
intraoperative fluids in abdominal surgery 1s not compatible 
with common practice. 


Specific considerations 


Regional anaesthesia 


In theory, regional anaesthesia should be followed by 
decreased requirements for intraoperative fluid admunistra- 
tion due to a decrease in perioperative blood loss.°”'!' In a 
retrospective study of mortality during a 10-yr period of hip 
and knee replacement surgery, mortality decreased from 0.4 
to 0.1% concomitant with extensive changes in anaesthetic 
technique, including a shift from general to epidural 
anaesthesia.!”! In addition, intraoperative fluid administra- 
tion was reduced from 3108 to 1563 ml during that 10-yr 
period. Although cardiac output may be increased by 
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increasing preload (Fig. 2), it may also be increased by 
administering sympathomimetics, leading to improved 
myocardial contractility with unchanged preload. Regional 
anaesthesia to the upper thoracic dermatomes is associated 
with a significant reduction in preload and an impairment of 
cardiac sympathetic drive, resulting in a reduction in cardiac 
output and hypotension.’ A substantial volume of fluid is 
required to augment cardiac output in this setting, “$ 
whereas vasopressors with œ and 8 activity, such as 
ephedrine,'*” dopamine” or epinephrine, can restore car- 
diac output without excessive volume administration. Low 
levels of spinal or epidural anaesthesia (T8 or below) 
usually result in minimal circulatory changes, as the 
compensatory vasoconstriction in the upper part of the 
body is sufficient to offset the dilatation in the lower 
extremities.” In this setting, excessive fluid is usually not 
needed to preserve haemodynamic stability. Thus, fluid 
administration prior to spinal or epidural anaesthesia, in an 
attempt to prevent hypotension; is a common cause of fluid 
overload in otherwise healthy patients (Fig. 2), and may 
amount to several litres of fuid administered prior to 
surgery.'°> Several randomized clinical trials of preload vs 
no preload ın women undergoing Caesarean section," 1? 
and elderly patients with hip fractures,’ have found that a 
preload produces a marginal, if any, reduction in the 
incidence of hypotension. The lack of effect may be 
attributed to several factors, such as only a transient volume 
expansion from the infused fluids, or increased secretion of 
ANP.” Whatever the type of infused solution, rapid i.v. 
administration causes a significant increase in central 
venous pressure,” pulmonary wedge pressure”? and haemo- 
dilution,!°° with possible detrimental consequences from 
increased lung water content.” A more rational approach 
may therefore be the use of vasopressors instead of a high- 
volume preload during regional anaesthesia. A randomized 
study comparing an ephedrine infusion with a 15 ml kg’ 
crystalloid infusion in 54 patients undergoing elective 
gynaecological surgery with spinal anaesthesia, reported a 
significantly lower incidence of hypotension with the 
ephedrine infusion (22 vs 55%). 


Immobilization 


Prolonged bed rest, which commonly occurs after major 
surgery, leads to a decrease in plasma volume of 300- 
500 ml, as well as a decrease in blood volume with negative 
sodium balance and loss of total body water.'® ®?®? These 
changes occur within the first few days of bed rest. 
Concomitantly, the extracellular volume has been found to 
be relatively increased compared with the intravascular 
volume during 1-2 weeks of bed rest.>” ®! The effect of bed 
rest on the hormones influencing fluid balance ıs debatable 
since either a small increase,** or no change, in 
aldosterone and renin activity has been observed. Bed rest 
per se has been demonstrated to lead to a decrease in muscle 
potassium and intracellular water (intracellular dehydration) 


after 4 days of unmobilization in healthy volunteers.” 
Exercise may improve renal osmolar clearance in healthy 
volunteers.** In another study in healthy volunteers, 
physical exercise after 7 days of bed rest had only negligible 
effects on fluid and ion balance compared with no 
exercise.!°° Further data from healthy volunteers indicate 
that mild exercise may increase urine flow and GFR above 
levels found at rest, and that only more severe exercise 
inhibits renal function, probably due to increased secretion 
of aldosterone and ADH, and a reduced GFR.” 

The effects of immobilization on fluid balance per se 
have not been investigated in surgical patients, and whether 
fluid excretion is promoted by postoperative mobilization 
remains to be clarified. These issues may have important 
clinical implications due to the adverse effects on organ 
function of an inappropriate fluid overload. In contrast, an 
adequate intravascular volume is a prerequisite for mobil- 
ization. However, it may be hypothesized that a penopera- 
tive fluid excess may hinder postoperative mobilization due 
to the resuiting increased cardiopulmonary demands of 
exercise. . 


Conclusions 


So far, no widely accepted recommendations are available 
for the optimal perioperative fluid regimen. A large 
variability in fluid regimen has been noted throughout the 
surgical specialties. Except for the relatively ‘dry’ regimen 
that have been advocated in pulmonary surgery,” 84149 it 
has been common practice to administer relatively large 
amounts of fluid (regardless of blood loss or anaesthetic 
technique). ° 2353666134 preoperative dehydration from 
preoperative fasting (often for >12 h), bowel preparation 
or underlying illness certainly needs to be corrected. 

On the other hand, perioperative administration of large 
amounts of crystalloids seems to have significant side- 
effects in several organ systems including the heart, 
primarily due to the potential impairment of left ventricular 
stroke volume, and the possibility of developing myocardial 
ischaemia. Pulmonary function may be impaired by accu- 
mulation of interstitial fluid, which may contribute to the 
development of pulmonary oedema, atelectasis, pneumonia 
or respiratory failure.'? The resulting decreased tissue 
oxygenation may lead to impaired wound healing. 
Paralytic ileus may be prolonged by excess perioperative 
fluid administration.’ Finally, excess fluid administration 
accentuates the water- and sodium-conserving effects of the 
surgical stress response, and may increase the risk of 
electrolyte disturbances such as hyponatraemia and meta- 
bolic acidosis.” 1'8 

In contrast, the widespread use of ‘dry’ fluid regimen in 
pulmonary surgery with resulting decrease in pulmonary 
morbidity supports the safety of low-volume fluid regimen 
in high-risk patients undergoing major surgical procedures. 

Achievement of optimal fluid status is not just a matter of 
fluid substitution per se but ıs also related to the 
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pathophysiology of the surgery. To clarify the implications 
of perioperative fluid excess, randomized, prospective 
clinical studies are needed where ‘high’ vs ‘low’ fluid 
regimen are undertaken in well-defined surgical procedures. 
Outcome assessments from studies of various organ 
dysfunctions and the associated morbidity are necessary to 
provide rational recommendations for perioperative fluid 
administration. 
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Background. To show how root-cause analysis can identify system-level factors causing 
critical Incidents and accidents, we present an investigation of the occlusion of an airway filter 
during anaesthesia. 


Method. The investigation was based on a framework specifically developed for the analysis of 
medical accidents. This framework helped to identify the chronology and outcome of the case, 
the care management problems and the factors that led to the event. Information was obtained 
by interviewing the anaesthesiologist in charge of the patient. 


Results. Occlusion was not recognized because the filter was hidden under the drapes and 
below the patient’s head. To reduce the frequency of this event, we recommend that filters 
should be visible, placed above the level of the patient’s body, or mounted on the expiratory 
circuit, at a distance from patient's airway. 


Conclusions. To allow appropriate corrective actions, critical incidents and accidents should 


Root-cause analysis of an airway filter occlusion: a way to 


1 Anaesthesiology Division and *Quality of Care Unit, Geneva University Hospitals, Rue Micheli-du-Crest 


be systematically investigated using root-cause analysis. 


Br J Anaesth 2002; 89: 633-5 


Keywords: audit, root cause analysis; ventilation, respiratory circuit; risk 


Accepted for publication: May 30, 2002 


Root-cause analysis 1s a structured and systematic approach 
used to identify key system-level factors that contribute to 
the occurrence of critical incidents and accidents. Even 
though this approach has proved instrumental in under- 
standing major industrial breakdowns, root-cause analysis is 
seldom used in medicine to study clinical adverse events. 

To illustrate the potential of such an approach, we 
describe the root-cause analysis of a case of filter occlusion 
by water and secretions during anaesthesia that could have 
been fatal. 


Methods and results 


Critical incidents and accidents are caused by a combination 
of equipment, active and latent failures Active failures are 
errors or violations committed by operators directly 
involved in the provision of care (e.g. administration of 
the wrong drug). Latent failures or root causes depend on 


decisions made at the upper echelons of an organization and 
correspond to system problems (e.g. vials look alike). 

To identify the root cause of the event, we used a 
framework developed for the investigation of medical 
accidents.” We first established the chronology and the 
outcome of the case. We then identified care management 
problems, which were defined as either equipment failures 
or active failures represented by deviations beyond safe 
limits. Finally, we listed and categorized the different 
factors that facilitated the occurrence of these problems. A 
contributory factor was considered specific when it was 
related to chance and general when it was a permanent 
feature of the system and as such represented a root cause of 
the incident. Information was obtained by interviewing the 
anaesthesiologist in charge of the case. 

To devise corrective actions, we relied on two principles 
that are commonly combined when managing risks, namely 
prevention and absorption.? Prevention aims at removing 
the root causes which increase the opportunity of equipment 
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Table 1 Synoptic summary of the critical incident. S=specific; G=general 





Care management problem No. 1: Airway filter occlusion 


Clincal context and patient factors 
High volume of secretions 
Contributory factors 
Organizational and management factors 
None 
Work environment factors 
Airway filter with hydrophobic membrane 
Team factors 
None 
Individual factors 
None 
Task factors 








Aurway filter routinely positioned bellow the patient’s head during facial surgery xX 





Care management problem No. 2: Delayed identification of airway filter occlusion S G 





Cluncal context and patient factors 
Secretion ın the patrent’s airway 
Contributory factors 
Organizational and management factors 


Lack of specific warning about the risk of occlusion associated with airway filters including a hydrophobic membrane, during training x 


Work environment factors 
None 

Team factors 
None 

Indmdual factors 


Unfamulianity of the jumor anaesthesiologist with occlusion of airway filters including a hydrophobic membrane X 


Task factors 
Airway filter routinely positioned under the drapes during facial surgery 


or active failures whereas absorption is intended at elimin- 
ating root causes that hinder the early identification and 
correction of active failures. 


Chronology and outcome 


A 13-yr-old boy with maxillo-facial Cacrum Oris (Noma) 
was to have elective plastic reconstruction. Patient history, 
examination, and laboratory findings were otherwise nor- 
mal. 

During surgery, the respiratory system consisted of a 
ventilator connected via a breathing tubing to an airway 
pressure and gas analyser and a Y-piece, fitted to a BB 25 
airway filter (Pall Medical, Ann Arbor, MI, USA). The filter 
was connected to a catheter mount tubing connector and a 
tracheal tube. The ventilator was checked before surgery. To 
provide convenient access to the surgical site, the filter was 
positioned below the patient’s head under the drapes. 

The beginning of the procedure was uneventful but after 
2 h, the peak airway pressure progressively increased, 
exceeding the 30 cm H2O threshold. Both ventilator and 
analyser pressure alarms sounded. The junior anaesthesiol- 
ogist in charge of the case immediately increased the 
inspired oxygen concentration. Noisy chest sounds were 
heard on auscultation, which decreased after large amounts 
of secretion were removed using a suction catheter inserted 
into the tracheal tube. However, the peak airway pressure 
remained greater than 40 cm H30. Four minutes after the 


alarms were triggered, inflation of the patient’s lungs 
became impossible. Oxygen saturation decreased to 80%. 
When the junior anaesthesiologist connected a self-inflating 
bag directly to the tracheal tube, immediate lung ventilation 
was possible. The ventilator and the respiratory circuit were 
then replaced and the tracheal tube was reconnected using 
the same analvser, filter, and tubing connector. Ventilation 
remained impossible. Finally, occlusion of the filter by 
water and secretions was identified and the filter was 
changed. The patient recovered quickly and without sequel. 


Identification of care management problems and 
contributory factors 


In this critical incident, two care management problems 
occurred, namely an equipment failure (the occlusion of the 
airway filter), and its delayed identification. These two 
events, the combination of which led to severe hypoxaemia, 
were facilitated by a set of specific or general contributory 
factors presented in Table 1. 


Corrective actions 


To increase the ability of anaesthesiologists to detect filter 
occlusion, this critical incident was presented at several 
meetings and the problem was described in the information 
bulletin of our division. In addition, it was recommended 
that the airway filter always be visible. Finally, during 
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training sessions on the management of airway and 
respiratory circuit occlusions, more emphasis was put on 
the risk of filter clogging. 

To prevent liquids from accumulating in the filter, it was 
decided that the filter should be routinely placed above the 
lung level or, when this was not possible it should be 
mounted on the expiratory circuit at a distance from 
patient’s airways. 

New instructions for use of filters were printed on posters 
and displayed in all operating rooms. 


Comment 


This critical incident could be considered as the con- 
sequence of the anaesthesiologist’s failure to apply basic 
knowledge. However, similar difficulties have been ob- 
served elsewhere. In two cases of mechanical occlusion of 
the respiratory circuit,*> the first hypothesis made by 
anaesthesiologists with regard to the orgin of restricted 
ventilation was bronchospasm. The true cause of the 
problem was only discovered by disconnecting the patient 
from the respiratory circuit and obtaining an appropriate 
oxygenation using a self-inflating bag. 

In most cases, the problem is not the individual but the 
system. Our analysis shows that occlusion was possible 
because the filter had a hydrophobic membrane and was 
placed below the patient’s head. The ability of the 
anaesthesiologists to detect airway filter occlusion was 
limited by the lack of information on the risk associated 
with the use of this device and by its position under the 
drapes. The identification of latent failures that are organ- 
izational root causes of accidents or critical incidents is, 
therefore, essential for devising appropriate corrective 
actions. 

At first glance, our strategy, which combines prevention 
and absorption, could be perceived as convoluted. 
Compared with the prevailing approach of risk management 
which, as noted by Cooper,® ‘depends almost solely on the 
anaesthetist’s ability to react instinctively and flawlessly 





every time a problem arises’, this method is much more 
efficient. Indeed, 1f Po ıs the probability of airway filter 
occlusion and Pr the probability of not recognizing in time 
the problem, Po Pr will be the probability Pc of the critical 
incident. As a consequence, any x-fold decrease in both Po 
and Pr will have a multiplicative effect and result in a 
x’-fold decrease of Pc whereas a x-fold decrease in Pr alone 
will only cause an equivalent decrease in Pe. 

Given the usefulness of root-cause analysis with regard to 
patient safety, it is clear that we should systematically 
investigate critical incidents and accidents. However, 
reporting and analysis of such events on a routine basis 
and setting up appropriate corrective actions will require 
considerable cultural and organizational changes. Is there 
any alternative? 
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Background. Cyclic GMP (cGMP) has been implicated in modulating the effects of general 
anaesthesia. Changes in cGMP In humans undergoing anaesthesia have not been reported 


previously. 
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Methods. In this pilot study we measured cGMP in the sallva of six healthy volunteers and 
eight patients undergoing general anaesthesia for minor gynaecological procedures. Samples 
were obtained using a commercially available sampling device and cGMP was determined with 
an enzyme Immunoassay and results expressed as a cGMP per mg protein. 


Results. There was no statistically significant variation In salivary cGMP either day-to-day or 
between time points in healthy volunteers. Analysis of variance of salivary cGMP of patients 
undergoing general anaesthesia showed that cGMP increased significantly Intraoperatively and 
returned to preoperative levels after surgery (P=0.03), 


Conclusions. This is the first time that real time in vivo changes in salivary cGMP levels during 
general anaesthesia in humans have been demonstrated and may allow an alternative technique 


for measuring depth of anaesthesia in the future. 
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Cyclic GMP (cGMP) is thought to play a central role in 
mediating the effects of anaesthesia. Nitric oxide is a potent 
stimulant of soluble guanylcyclase resulting in the produc- 
tion of cGMP, which in turn regulates a variety of cGMP- 
dependent kinases, ion channels, and phosphodiesterases. 
There is a reduction of minimum anaesthetic concentration 
(MAC) of volatile anaesthetic agents in rodents following 
acute administration of nitric oxide synthase inhibitors.’ 
This has been disputed and not been reported ın chronic 
administration and deletion of the type I (neuronal) nitric 
oxide synthase gene.”? 

cGMP is detectable in saliva, providing an easily 
accessible sample for measurement during anaesthesia. 
There are no previous data regarding variation in salivary 
cGMP in healthy subjects in the absence of anaesthesia, and 
therefore initial studies assessing any variation were 
required before undertaking studies in anaesthetized sub- 
jects. The aim of this study was to assess whether changes in 
salivary cGMP occurred during anaesthesia in humans. 


Methods and results 


Following local ethics approval and written informed 
consent we collected saliva from six healthy volunteers 
(25-32 yr) on 5 consecutive days at two time points (10:00 
and 15:00 h) using a commercially available collection 
device, Orasure™ (Altrix Healthcare, Birkenhead, 
Merseyside, UK). We also collected saliva from eight 
ASA grade I or II patients (24—36 yr) undergoing minor 
obstetric procedures, immediately prior to induction, 10 min 
into the procedure and within 60 min after the operation. 
The, anaesthetic regimen was standardized. All patients 
received induction of anaesthesia with propofol and main- 
tenance with isoflurane/mtrous oxide in oxygen at 1.3 MAC 
via a facemask without the use of an airway. None of the 


patients had any form of pre-medication or received 
intraoperative opioids. 

Saliva samples were frozen in liquid nitrogen immedi- 
ately after collection and stored at -80°C until analysis. For 
the assay, samples were thawed on ice and microwaved for 
8 s to halt enzyme activity. cGMP concentrations were 
determined using a sensitive enzyme immunoassay kit 
(R&D Systems Europe, Abingdon, Oxon, UK) as described 
previously.> Protein was measured using Bradford reagent 
(Sigma-Aldrich, Poole, Dorset, UK) and results were 
expressed as saliva cGMP pmol (mg protein ‘1! Data were 
analysed using Friedman analysis of variance with 
Wilcoxon signed ranks post hoc testing as appropriate and 
Bonferroni correction for multiple comparisons as neces- 
sary. 

There was no statistically significant variation in salivary 
cGMP either day-to-day or between time points in healthy 
volunteers. In patients, analysis of variance revealed a 
Statistically significant change in cGMP (P=0.03) during 


„anaesthesia and surgery with no change in salivary protein 


concentration. Post hoc analysis showed that cGMP 
increased significantly intraoperatively (P=0.023) and 
returned to preoperative levels following surgery (Fig. 1). 


Comment 


Our data show that concentrations of cGMP in saliva remain 
constant during normal activity and change during anaes- 
thesia. Confounding variables were reduced to a minimum 
by choosing a group of patients who were essentially 
healthy, having minor obstetric surgery—thus all patients 
were female and of a very narrow age range. In addition, all 
the operations took place at a similar time of day, with the 
same anaesthetist, and the duration of the operation was 
similar (10-15 min). The anaesthetic regimen was standar- 
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Fig 1 Changes ın salivary cGMP in eight patients undergoing elective 
gynaecological surgery. Box and whisker plots show median, 25th and 
75th percentile and range. P values refer to Wilcoxon signed ranks post 
hoc tests. 


dized, with identical procedures for all patients, no pre- 
medication drugs and no opioid usage. Thus, changes in 
cGMP are more reliably related to anaesthesia and not other 
factors. 

Studies in anaesthetized animals have shown decreases in 
cGMP within the central nervous system after halothane or 
isoflurane anaesthesia. However, in the present study, 
salivary CGMP increased during anaesthesia compared with 
concentrations immediately pre-induction. This may be 
partially explained by nitric oxide synthase activity or 
haemoxygenase activity during anaesthesia. Both nitric 


oxide, produced by the action of nitric oxide synthase, and 
carbon monoxide, the product of haemoxygenase activity, 
are potent activators of soluble guanyl cyclase.° 

The results of this study need to be extended to a larger 
study of various anaesthetic techniques to establish whether 
this is a common link for a mechanism of anaesthesia in 
humans. Also, the possible development of a ‘real time’ 
cGMP monitor is appealing and may allow an alternative 
technique for measuring depth of anaesthesia. 
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Background. During carotid endarterectomy under regional anaesthesia, patients often 
require medication to control haemodynamic Instability and to provide sedation and analgesia. 
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Propofol and remifentanil are used for this purpose. However, the benefits, side-effects, and 
optimal dose of these drugs in such patients are unclear. 


Methods. Sixty patients were included in a prospective, randomized, single blinded study. All 
patients received a deep cervical plexus block with 30 ml ropivacaine 0.75% and were rando- 
mized to receive either remifentanil 3 ug kg! h or propofol | mg kg! h". The infusions 
were started after performing the regional block and were stopped at the end of surgery. 
Arterial pressure, ECG, ventilatory rate, and Paco, were measured continuously and recorded 
at predetermined times. Twenty-four hours after surgery, patient comfort, and satisfaction 
were also evaluated. 


Results. In three patients, the infusion of remifentanil had to be stopped because of severe 
respiratory depression or bradycardia. No significant differences were found between the two 
groups in haemodynamic variables or sedative effects, but there was a significantly greater 
decrease in ventilatory frequency and increase in Paco, in the remifentanil group. The patient’s 
subjective impressions and pain control were excellent in both groups. 


Conclusion. As a result of the higher incidence of adverse respiratory effects with remifenta- 
nil and similar sedative effects, propofol is preferable for sedazion during cervical plexus block 


In elderly patients with comorbid disease at the dosage used. 
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Propofol and remifentanil have been shown to be effective 
as adjuncts to regional anaesthesia in clinical trials.’ 
However, no study has compared the effects of these 
drugs in patients with coexisting morbidity undergoing 
cervical plexus block. 

We hypothesized that remifentanil 3 ug kg? h™ and 
propofol 1 mg kg? h™ would be equal in sedative, 
haemodynamic and respiratory effects, and improved 
patient acceptability of the technique. In a prospective, 
randomized, single blinded, and controlled study, we 
compared these drugs in patients undergoing carotid 
endarterectomy using deep cervical plexus block. 


Methods and results 


Following approval by the institutional ethics committee 
and having obtained written informed consent, 60 patients 
(ASA class I-IV) undergoing elective carotid endarter- 
ectomy were included in the study. Exclusion criteria were 
repeated operation, emergency surgery, or allergy to one of 
the drugs used. Using a computer-generated list (MS Excel 
7.0), patients were randomized into two groups, to receive 
propofol or remifentanil. 

Before the placement of the cervical plexus block, 
patients were monitored by five-lead electrocardiography, 
invasive arterial pressure, ventilatory frequency, and pulse 
oximetry. Deep cervical plexus block was performed using 
the single bolus-technique described by Winnie and 
colleagues* and a dose of 20 ml of ropivacaine 0.75%. 


Three millilitres of roprvacaine 0.75% were also injected 
below the inferior border of the mandible, and 7 ml were 
used to infiltrate the area of the skin incision. This was 
followed immediately by the start of an infusion of propofol 
1 mg kg h or remifentanil 3 ug kg’ h`". Preoperatively, 
and at fixed points (Pl=skin incision; P2=1 min after; 
P3=cross-clamp the carotid; P4=10 min later; P5=open the 
cross-clamp of the carotid; and P6=end of surgery), mean 
arterial pressure, heart rate, ventilatory frequency, Paco, 
and sedative effect were noted. Only episodes of brady- 
cardia not related to surgical stimulation were recorded. The 
effect of sedation was measured on a 5-point scale: (1) 
awake, (2) tired, (3) very tired, (4) asleep, but wakes up 
when called by name, or (5) only wakes up when the 
shoulder is shaken. At the end of surgery, the infusion was 
stopped and all patients were transferred to the post- 
anaesthesia care unit. On the first postoperative day, the 
patients’ subjective impression of their pain control was 
recorded using a 10-point visual analogue scale (1=very 
good, 10=very bad). 

Groups were compared using the Mann-Whitney U test. 
A P value of 0.05 was considered to be significant. 
Calculations were performed on a personal computer, 
using a standard software package (Winstat™ 3.0, Kalmia, 
US). 

Sixty patients (median age 74 yr, range 54-83 yr) were 
investigated. In three patients in the remifentanil group, 
complications were encountered. In two cases, a brady- 
cardia (heart rate between 30 and 35 beats min’) was 
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Fig 1 Respiration frequency preoperatively and at fixed points (PI=skin 
incision, P2=1 min after, P3=cross-clamping of the carotid; P4=10 min 
later; P5=end of cross-clamping of the carotid; P6é=end of surgery) Data 
are shown as mean and range. *P<0.05, **P<001 between propofol 
group and remrfentaril group at same time points. 


detected a few minutes after starting the infusion. In one 
patient, sedation was excessive and respiratory depression 
(less than 6 bpm) occurred. The infusion of remifentanil was 
stopped ın each instance and all patients recovered quickly, 
but were excluded from further evaluation. 

After cross clamping of the carotid artery, one patient in 
the propofol group stopped breathing and lost conscious- 
ness. The patient’s trachea was intubated and general 
anaesthesia was instituted. Postoperatively, a cerebro- 
vascular accident was diagnosed and the patient was 
excluded from further evaluation. Four patients in the 
propofol group (13.8%) and three patients in the remifenta- 
nil group (11.1%) required additional local anaesthetic 
(lidocaine 0.5 %) around and within the carotid sheath. 

Nitroglycerin 1-5 mg h” to treat hypertension was used 
in eight patients (26.6%) in the propofol group and seven 
patients (25.9%) in the remifentanil group. Nausea and 
vomiting occurred in five patients (16.7%) in the propofol 
group and seven patients (25.9%) in the remifentanil group. 
At no point were any differences found between groups in 
the mean arterial pressure, heart rate, or Spo,. There was no 
difference in sedative effects between groups. Mean scores 
ranged between 1.67 and 1.97 in the remifentanil group and 
between 1.36 and 1.88 in the propofol group. 

“Mean (range) Paco, levels were almost the same 
preoperatively (remifentanil group 4.78 (4.27-5.35) kPa vs 
propofol group 4.85 (3.77-5.89) kPa). At points 1 and 2, 
Paco, increased significantly (P<0.05) in the remifentanil 
compared with the propofol group (5.5 (4.12-7.01) vs 4.92 
(3.96-6.01) kPa and 5.67 (4.8-6.68) vs 5.18 (4.27-6.78) 
kPa). From point 3 to 6, this difference was even more 
pronounced (P<0.01) (P3: 5.66 (4.79-6.74) vs 5.19 


(4.19-6.63) kPa; P4: 5.7 (4.8-6.7) vs 4.94 (4.03-6.7) kPa; 
P5: 5.66 (4.87-6.7) vs 5.03 (4.15-6.37) kPa; P6: 5.74 
(4.53-6.76) vs 5.05 (4.11-6.12) kPa). Ventilatory frequency 
was found to be significantly different between the groups at 
every time point (P<0.01) (Fig. 1). 

The patient’s subjective impression of pain on a visual 
analogue scale was similar in both groups and showed good 
acceptance of the procedure (propofol group 1.67 (0.75); 
remifentanil group 1.77 (0.42)). 


Comment 


A large study, describing 1000 cervical plexus blocks for 
carotid endarterectomy, reported that 66% of patients 
required sedation during the operative period.? We com- 
pared two procedures, usmg dosages of propofol or 
remifentanil proven to be safe and effective in our 
institution, for sedation of patients with significant comor- 
bidity. We found that both drugs supplied sufficient 
sedation, resulting in an excellent acceptance rate by the 
patients. However, adverse effects were higher in the 
remifentanil group. 

The requirement for additional sedation during carotid 
endarterectomy results from: inability of the patient to move 
his head during surgery, causing pain in the cervical spine; 
or surgical manipulation in the area of the carotid sheath or 
under the mandible. Additionally, some patients are 
anxious. Such discomfort can result in adverse cardio- 
vascular events, which are undesirable, as haemodynamic 
and respiratory instability are associated with a poor 
outcome after such surgery. 

Propofol is well established for sedation, as 1s remifenta- 
nil during regional anaesthesia.'°° However, there is no 
concordance about the optimal doses of these drugs in such 
circumstances and no data are available concerning patients 
of ASA class I-IV, the predominant group of patients 
undergoing this type of surgery. Lauwers and colleagues’ 
used propofol 3 mg kg™ h or remifentanil 6 ug keh” for 
sedation during regional anaesthesia, and reported con- 
siderable side effects in both groups. Respiratory depression 
was reported to be more frequent in the remifentanil group. 
In another study, Lauwers and colleagues® compared three 
different doses of remifentanil (2.4 vs 4.2 vs 6 ug kg” bh”) 
and found significant rates of respiratory depression, nausea, 
and sweating in all three groups. Using either propofol 
4.5 mg kg’ min” or remifentanil 6 pg kg! h`’, Smith and 
colleagues’ noted a greater degree of sedation in patients 
receiving propofol, whereas patients from the remifentanil 
group had more marked respiratory depression. 

Mingus and colleagues? used higher doses of remifentanil 
12 pg kg? h™ and propofol 6 mg™! kg h™ in patients 
undergoing orthopaedic and urological surgery. These doses 
were increased by 50% when patients expressed discomfort, 
or decreased by 50% in the case of hypoventilation or 
haemodynamic instability. Remifentanil proved to be more 
effective than propofol in minimizing pain, but was 
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associated with more respiratory depression and short-term 
nausea. In our study, 26% of patients in the remifentanil 
group suffered from nausea and vomiting compared with 
17% in the propofol group. 

The results reported by Mingus,® indicate that the 
remifentanil dose should be reduced to 6 ug kg? h™ and 
to 3 ug kg ho! in elderly patients. However, our data 
suggest that in patients over 70 yr of age and classified as 
ASA MI or IV, even a dose of 3 ug kg he can induce side 
effects. Thus, we believe that a further reduction in dosage 
is required. With a dose of propofol 1 mg kg™' h-', we found 
stable haemodynamics, mild sedation, and no respiratory 
depression. Using the lowest remifentanil dose (3 ug 
kg! h’) recommended by Mingus and colleagues,® 
resulted in stable haemodynamics and mild sedation, but 
respiratory depression was significantly higher than in the 
propofol group. 

We suggest that when using remifentanil for sedation in 
ASA M-IV patients undergoing carotid endarterectomy, the 
initial dose should be decreased to 1.5-2 pg kg” h`! to 
minimize cardiovascular and respiratory complications in 
these elderly patients with significant comorbidity. A 
stepwise adaptation of the remifentanil dosage as proposed 
by Servin and colleagues? appears to be a promising 
alternative to a fixed dose regime. However, it remains to be 
determined whether a reduction in remifentanil dosage to 
avoid side effects leads to a loss of sedative and analgesic 
effects. 
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A patient with learning difficulties had a large tracheal tumour at the carina that caused severe 
respiratory distress. l.v. anaesthesia with propofol, spontaneous breathing through a tracheal 
tube, and high frequency jet ventilation were successfully employed during bronchoscopic 


resection of the tumour. 


Br J Anaesth 2002; 89: 641-3 


Keywords: airway, obstruction; anaesthetics i.v., propofol; complications, learning difficulties: 
complications, respiratory; intubation, tracheal; ventilation, high frequency jet 


Accepted for publication: May 24, 2002 


Primary tracheal tumours are uncommon.’ The risk of 
respiratory distress is related to the size, location and shape 
of the tumour. Although resection of tracheal tumours in 
conscious patients using the fibreoptic bronchoscope is an 
effective and less invasive therapeutic option than thor- 
acotomy, the associated management of the airway can 
prove difficult. 

We describe a patient with learning difficulties who had 
severe airway obstruction secondary to a large tracheal 
tumour at the carina. In this case, spontaneous breathing 
during general anaesthetic, combined with high frequency 
jet ventilation (HFJV), was effective and facilitated the 
successful resection of the tumour through a tracheal tube. 


Case report 


A 28-yr-old man (weight, 83 kg: height, 178 cm) gave a 
6-month history of a non-productive cough and wheezing. 
His medical history included learning difficulties secondary 
to neonatal hypoxic encephalopathy. His mental age was 
judged to be that of a 4-yr-old. As a result, he was unable to 
articulate his symptoms effectively and a physician initially 
treated him for an upper respiratory tract infection. He 
subsequently developed a sudden attack of severe respira- 
tory distress early in the morning, and his family brought 
him to our hospital. A chest x-ray revealed a large tracheal 
tumour at the carina, which almost completely occluded the 
tracheal lumen. A thoracic CT scan demonstrated a 17.8 mm 
x 21.5 mm X 26.5 mm mass that was attached by a stalk to 


the anterior wall of the carina. Ninety-two per cent of the 
cross-sectional area of the trachea was obstructed by tumour 
(Fig. 1). The patient was kept in the left lateral decubitus 
position because his respiratory distress worsened in the 
right lateral decubitus and supine positions. Finger puise 
oximetry (Spo,) showed an oxygen saturation of 94-96% 
when he received oxygen 2 litres min™' by face-mask. The 
patient refused arterial blood gas sampling. A decision was 
made to resect the tumour under general anaesihesia using 
the fibreoptic bronchoscope. 

The patient was premedicated with farnotidine 20 mg 
intravenously 30 min before induction of anaesthesia, On 
arrival in the operation room, his heart rate was 100 beats 
min”', arterial pressure was 145/75 mm Hg and Spo, was 
94%. . 

Prior to induction of anaesthesia, we prepared a jet 
ventilation catheter, and tracheostomy instruments in case 
of complications. The patient inhaled oxygen 100% for 10 
min whilst in the left lateral decubitus position and was then 
turned to the supine position. Anaesthesia was induced with 
propofol 200 mg and manual ventilation via a facemask was 
started. Physical examination suggested a reduction in right 
chest wall movement at this time and the Spo, fell fram 100 
to 95%, Succinylcholine 140 mg was administered to 
facilitate orotracheal intubation with a cuffed tube (internal 
diameter, 8.5 mm). The lungs were ventilated through the 
tracheal tube using a high frequency jet ventilator (driving 
pressure, 1.0 kgf cm™; VE ratio, 0.33; rate, 60-120 min”: 
Fio, 0.3-1.0). Bilateral chest wall movement was restored 
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tumour stalk that attaches the lesion to the anterior wall of the carina is not evident in this image 


E 


Fig 1 (A) Thoracic CT scans illustrating the presence of a tracheal tumour (white arrow); 92% of the tracheal cross sectional area was obstructed. The 


The white arrow is on the right-hand side of the 


lung. (B) Reconstructed coronal image of thoracic CT scan demonstrating the tracheal tumour just above the carina (black arrow) 


after spontaneous breathing had resumed. We decided to 
allow the patient to continue to breathe spontaneously. 


: ; i a 
Anaesthesia was maintained with propofol 6 mg kg h 


and buprenorphine 0.2 mg intravenously. 

Prior to the bronchoscopic procedure, the trachea was 
topically anaesthetized with lidocaine 2% (total dose, 400 
mg) via the tracheal tube. The operation was performed with 
a fibreoptic bronchoscope (external diameter, 6 mm) via the 
tracheal tube. HFJV was then performed through a 10-Fr 
suction catheter, which was passed through the same 
tracheal tube for 2 cm into the left main bronchus. 
Whenever the Spo, fell 95%, 
procedure was temporarily halted and ventilation was gently 
assisted. This occurred three times during HFJV. As the 


Spo, also fell if the driving pressure was reduced, we set the 


below the bronchoscopic 


driving pressure at 1.0 kgf cm”. As a result, the Spo, did not 
then fall below 93% at any stage. Arterial blood pressure 
remained at 100-120/45-60 mm Hg whilst the heart rate 
was between 80 and 100 beats min`". There were no ECG 
changes throughout the procedure. Arterial blood gas 
analysis revealed a Pao, of 10.8 kPa, a Paco. of 7.8 kPa 
and a pH of 7.31 when the Spo, fell to its lowest value of 
93% during the operation. 

The stalk of the tumour was cauterized. The surgeons 
then removed the tumour, together with the tracheal tube, 
using a basket catheter because the tumour was too large to 
pass through the tracheal tube. successful 
removal of the tumour and the tracheal tube, the patient 
developed laryngospasm. Vecuronium bromide 10 mg and 


Following 


hydrocortisone sodium succinate 500 mg were administered 
intravenously and another tracheal tube (internal diameter, 
7.5 mm) was inserted. The surgeons confirmed complete 
resection of the tumour by fibreoptic bronchoscopy. Chest 
wall movement was symmetrical soon after the operation 
had been completed and the lungs were artificially venti- 
lated for a further 30 min. The second tracheal tube was 


removed following administration of neostigmine 2.5 mg 
and atropine 1.0 mg to antagonize any residual neuromus- 
cular block. The operation lasted 70 min. The total durations 
HFJV 150 min and 53 min, 
respectively. The patient developed no further airway 


of anaesthesia and were 


problems following the surgery. 


Discussion 

The first challenge of this clinical case was the method to be 
used to control the airway. Adults usually undergo fibreoptic 
examination whilst awake since this is safer than being 
under genera! anaesthetic. However, in children or individ- 
uals with significant learning difficulties, this approach is 
problematic. Because of the patient's limited intellectual 
capacity, we judged that it would prove impossible to use a 
fibreoptic technique for the surgery whilst he was awake. In 
that 
several patient positions, including prone, lateral, semierect 
and supine positions, would be required during broncho- 
scopic resection of the tumour. We therefore decided to use 


addition, the surgeons informed the anaesthetists 


general anaesthesia and a tracheal tube rather than a 
laryngeal mask airway for this patient. In view of the 
proposed surgical procedure, we used the largest tracheal 
tube available. Using a tracheal tube does carry a risk of 
massive bleeding from the tracheal tumour in such cases. 
However, in this patient, the CT scan demonstrated that the 
tumour located at the carina that there 
sufficient distance between the vocal cords and the tumour 
to allow safe insertion of a tracheal tube. 


was and was 


The second challenge of the case related to the method of 
ventilation used during the bronchoscopic procedure. 
Spontaneous breathing has frequently been recommended 
during anaesthesia in such circumstances, to avoid airway 
obstruction resulting from muscle paralysis or positive 
pressure ventilation.” In our patient, we noted that move- 
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ment of the right chest wall worsened during positive 
pressure ventilation on induction of anaesthesia. It was 
thought that right main bronchus obstruction had been 
induced by the artificial ventilation, resulting in dynamic 
hyperinflation. We therefore allowed spontaneous breathing 
during surgery and applied HFJV in order to assist 
ventilation effectively.” The disadvantages of this technique 
can include ineffective ventilation and a potential hindrance 
to surgery. Bronchoscopy indicated that the spherical 
tumour almost completely blocked the right main bronchus 
and so the HFJV catheter was passed about 2 cm into the left 
main bronchus. In this way, we were able to prevent 
hyperinflation of the right lung and allow optimal access to 
the surgical field. 

The other method of managing hypoxaemia during one- 
lung ventilation is continuous positive airway pressure 
(CPAP). However, it has been reported that CPAP does not 
generate sufficient alveolar oxygen tension in the non- 
ventilated lung to prevent hypoxaemia in patients with 
bronchial obstruction.* Studies by Slinger and colleagues** 
reported that the side of the ventilated lung was an important 
factor in this respect; the efficiency of oxygenation and of 
gas exchange was better when the right lung rather than the 
left lung was ventilated during one-lung ventilation. 
Although in this case only the left lung was ventilated. we 
were able to use HFJV with a 10-Fr suction catheter and a 
Fig, of only 0.3 during the procedure. The effects of HFJV 
on oxygenation and gas exchange were not determined since 
neither the flux nor the pressure were measured. However, 
we considered that HFJV supported breathing effectively 
and did not hinder spontaneous breathing in this case. 

Helium—oxygen mixtures are commercially available and 
may be useful in the emergency department to treat patients 
with airway obstruction.® 7 Breathing a mixture of helium 
and oxygen leads to a reduction in the resistance to flow 
within the airways, and consequently results in a decrease in 
the work involved in breathing. Whether awake or asleep, 
our patient showed a deterioration in his condition when his 
position was changed. Although helium would have been 
potentially useful, it is not available for such treatment in 
Japan. It might have been an excellent method of allowing 
spontaneous breathing in combination with HFJV. 

The third aspect of this case for consideration was the 
anaesthetic agents used. Anaesthetic induction with inhala- 
tional agents is usually regarded as the technique of choice 


in view of its safety.” Nevertheless, adverse events have 
been reported with this technique.* Using the iv. anaes- 
thetic agent, propofol, we were able to maintain the depth of 
anaesthesia more readily than with inhaled anaesthetic 
agents. It has been reported that the respiratory depressant 
effects of propofol 6 mg kg” h` are clinically acceptable 
and we selected an i.v. anaesthetic technique for these 
reasons.” 

We applied topical anaesthetic to the trachea and 
bronchus in order to prevent adverse reflexes during the 
fibreoptic bronchoscopy. The surgeons removed the tumour 
with the tracheal tube, contrary to our expectations. 
Unfortunately, the larynx had been insufficiently anaesihe- 
tized to prevent laryngospasm after extubation. 

In summary, this case report describes the anaesthetic 
management of a patient with learning difficuls 
successfully underwent bronchoscopic resection of a large 
tracheal tumour. During the procedure, i.v. anaesthesia with 
propofol and spontaneous breathing, combined with HFIV, 
allowed effective management of the airway, 
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Postoperative management following major surgery in patients with neuromuscular disorders 
associated with scoliosis is frequently complicated by sputum retention and ventilatory failure. 
This report demonstrates the successful perioperative management of an | !-yr-old boy with 
type Il spinal muscular atrophy undergoing a single-stage posterior spinal fusion procedure. Use 
of an MI-E device was able to successfully treat sputum retention and avoid a tracheostomy. 
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Patients with neuromuscular disorders associated with 
scoliosis often present when restrictive respiratory failure 
is developing. Postoperative management following major 
surgery is frequently complicated by sputum retention and 
ventilatory failure, which may lead to prolonged intensive 
care episodes, tracheostomy formation with attendant 
complications, and death. 

Ventilatory failure can now be easily managed with the 
use of non-invasive ventilation. This case report shows that 
the treatment of postoperative sputum retention, and 
avoidance of tracheostomy, can also be aided by using 
mechanical insufflation-exsufflation. 


Case report 


An Il-yr-old boy with type H spinal muscular atrophy 
(SMA) presented for assessment before corrective spinal 
scoliosis surgery. He had been wheelchair-bound since 
infancy because of his disease. He required help with 
feeding and personal hygiene, which was made more 
complicated by his obesity (BMI 34.7). His last chest 
infection requiring hospital admission was at the age of 7 yr, 
for which he did not require mechanical ventilation. 
Subsequent chest infections were managed at home, and 
the year preceding surgery he had been relatively free of 
them. 

His cough reflex was intact but very poor. Parental reports 
stated that coughing episodes often interrupted his sleep, 
sometimes requiring assisted coughing by his mother to aid 
clearance of secretions. He snored at night but did not suffer 
from early morning headaches. daytime somnolence, or 
apnoeas. His school progress was considered normal. 


On clinical examination, he weighed 76 kg. Cardio- 
vascular and respiratory examinations were unremarkable. 
A transthoracic echocardiogram was normal. His forced 
expiratory volume in 1 s (FEV,) was 0.92 litres, and forced 
vital capacity (FYC) was 0.97 litres (35% predicted). He 
had a short neck and poor mouth opening. Radiographic 
examination revealed a thoracic scoliosis with a Cobb angle 
of 101°. 

A sleep study performed using transcutaneous carbon 
dioxide and oxygen electrodes combined with pulse 
oximetry, showed a baseline partial pressure of oxygen of 
68 torr (9.0 kPa), intermittently dipping to 38 torr (5.0 kPa), 
and a baseline partial pressure of carbon dioxide of 49 torr 
(6.5 kPa), intermittently rising to 68 torr (9.0 kPa). On the 
basis of this study he was sent for a respiratory opinion, 
from where he was established on nocturnal non-invasive 
ventilation. Five months later, he represented for posterior 
fusion and instrumentation surgery for his scoliosis. This 
was to aid in his posture maintenance whilst sitting in his 
wheelchair, and for pain control. Repeat lung function tests 
at this time, showed a minimal improvement with an FEV, 
of 1.18 litres. and an FVC of 1.26 litres. It was decided not 
to repeat the sleep study as the patient was now established 
on nocturnal non-invasive ventilation, and it was felt that no 
useful information would be gained. 

A gaseous induction was performed using sevoflurane, as 
venous access was predicted to be difficult. Vecuronium 
was given to aid tracheal intubation. He was a grade HI 
Cormack and Lehane direct laryngoscopy view. A laryngeal 
mask airway was inserted and his trachea was subsequently 
intubated through it using a fibreoptic laryngoscope. 
Anaesthesia was maintained using oxygen, nitrous oxide, 
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Fig 1 Chest radiograph showing a small right-sided pleural effusion and Fig 2 Chest radiograph taken 36 h after initiation of coug 
whiteout on the left side. 


and isoflurane. Intermittent positive pressure ventilation the left side. Clinically, he remained on a 1 nvasi 
was used throughout the procedure. His spinal column was ventilator maintaining saturations greater than 95% « 
fused from the fourth thoracic vertebra down to the sacrum. about 40% oxygen. At this stage he was to underg: 
Estimated blood loss was 3 litres. The operating surgeon elective tracheostomy the next day. The cough-assist de» 
sited an epidural between the seventh and eighth thoracic was then tried. The patient tolerated it very well and 
vertebrae before wound closure. able to assist him bringing thick secretions into his mout! 
After surgery, the patient was electively ventilated on the from his chest. 
intensive care unit for 24 h so that the neuromuscular As he was now able to clear secretions from his chest, the 


blocking agent could wear off, haemostasis could be tracheostomy was delayed. The cough-assist devici 
ensured, and good analgesia via the epidural achieved. A used every 4 h and his condition continued to 


continuous infusion of 0.125% bupivacaine was run through did the appearance of his chest radiograph (Fig. 2). Six day 
the epidural catheter at a rate of 4 ml h. Regular after first using the cough-assist machine, he progressed 
acetaminophen suppositories were also used for analgesia. from requiring continuous non-invasive ventilation, to on! 
The tracheal tube was removed and the patient was placed needing nocturnal respiratory support, as in the preoperat 
immediately on to his own non-invasive ventilator (Nippy). phase. Three days later, he was able to return to the ward 


His ventilatory frequency was 18 bpm with adequate chest days after surgery) and was discharged home we das 
expansion and arterial oxygen saturations of 98% on 35% later. 
oxygen. 
The following day, his arterial partial pressure of oxygen . F 
was 86 torr (11.4 kPa) on 35% oxygen, and he had moderate Discussion 


amounts of loose secretions on his chest. He remained on SMA type II is an inherited disorder affecting the peripheral 
non-invasive ventilation, with his pain well controlled. His motor neurones without upper motor neurone involvement 
cough remained very poor and he required manual assist- The disease tends to be hereditary, usually autoson 
ance with coughing, although sputum clearance was recessive. Children with SMA type II usually s 
inadequate. He had clinical and radiological evidence of adolescence or even early adulthood. Patients with st 
left lower lobe collapse and consolidation. The epidural neuromuscular disorders, such as SMA and Duchi 
infusion was discontinued on the third postoperative day muscular dystrophy, present for surgical repair of scolio 
and regular acetaminophen continued. for a variety of reasons. Often the patient nabl 
During the following 3 days his chest continued to maintain a sitting position in their wheelchair, and 
deteriorate. He desaturated intermittently and became very surgery is performed with the aim of improving the child 
dependent on his non-invasive ventilator, desaturating down posture, general management, and discomfort. This patient 
to 82% when removing the mask to eat. By this time, his population also may suffer with pain, often alleviated 
secretions had become very thick. He was being treated with surgical correction of their scoliosis. Poor respiratory 
saline nebulizers, antibiotics (cefuroxime), and intensive function secondary to respiratory muscle weaknes 
physiotherapy. The patient remained free from pain. hallmark of these children, is not reversible by correcting 


The following day, his chest radiograph (Fig. 1) showed a___ the scoliosis but aids in slowing its progress. These children 
small right-sided pleural effusion and almost whiteout on are therefore at a high risk of developing postoperats 


645 


Marchant and Fox 


respiratory problems. The inability to effectively expecto- 
rate airway secretions is the main cause of respiratory 
failure and death for these patients.’ 

Nasal intermittent positive pressure ventilation (NIPPV) 
can be life-saving in patients with established ventilatory 
failure.” It has been shown that in hypercapnic patients with 
Duchenne muscular dystrophy, NIPPV is likely to increase 
survival in some patients by 5 yr or more.” In neuromuscular 
disease, hypoventilation first occurs during sleep as a result 
of a reduction in intercostal and accessory muscle tone, and 
a decrease in ventilatory drive which is most prominent 
during rapid eye movement (REM) sleep. This then 
progresses to daytime ventilatory failure and ultimately, 
cor pulmonale. Our patient had evidence of nocturnal 
hypoventilation on his sleep study, although he denied any 
symptoms of sleep apnoea on direct questioning. It was for 
this reason that he was referred for a respiratory opinion, 
and established on nocturnal NIPPV. Having had a 5-month 
period of nocturnal ventilation, his parents said that he now 
slept better, and was brighter in the mornings. 

Adequate expiratory muscle function is critical for 
clearing airway secretions and bronchial mucous plugs. 
During periods of respiratory tract infection (RTI) or 
profuse airway secretion, peak cough expiratory flows 
(PCEFs) must be adequate to prevent mucous plugging and 
pulmonary complications. The vital capacity (VC), FVC, 
and PCEF are decreased during RTIs because of fatigue. 
respiratory musculature weakening, and mucous plugging.” 
During a normal adult cough, just over 2 litres of air is 
expelled at flows of up to 20 litre s`!.5 High thoraco- 
abdominal pressures are needed to generate effective cough 
flows on glottic opening, and the effectiveness of mucus 
clearance is largely dependent on the magnitude of the 
PCEF.° Both inspiratory and expiratory muscle weakness 
can cause cough flows to decrease. This can be further 
decreased by bulbar problems with incomplete or weak 
glottic closure. Cough flows less than 2.7 litre s' have been 
found to be ineffective in clearing secretions.” 

Postural drainage and chest percussion are used routinely 
to mobilize airway secretions, although they are not always 
possible to use and are effort-intensive. They were used in 
the case of our patient but were not effective, because of his 
size, in aiding mucus clearance. Using deep lung insuffla- 
tions, the maximum inspiratory capacity in patients with 
neuromuscular disease can be achieved. The insufflations 
may be delivered via a mouthpiece or nasal interface from a 
ventilator or manual resuscitator. The increase to maximum 
inspiratory capacity leads to a significant increase in the 
assisted PCEF.’ There are many techniques of manually 
assisted coughing. For patients with less than 1.5 litre of VC 
(as in the case of our patient) efficacy is enhanced by 
preceding an assisted exsufflation with a deep insufflation. 
Manually assisted coughing requires a cooperative patient, 
good coordination between the patient and caregiver, and 
adequate physical effort by the caregiver. When inadequate, 





Fig 3 Emerson CoughAssist™ Mechanical In-Exsufflator. 


the most effective alternative for generating optimal PCEF 
and clearing deep airway secretions is the use of mechanical 
insufflation-exsuffiation (MI-E).* 

As early as 1953, portable devices for delivering MI-E 
directly to the airway via a mouthpiece, mask, or tracheal 
tube were being manufactured.” The efficacy of MI-E was 
demonstrated both clinically and on animal models in the 
expulsion of bronchoscopically inserted foreign bodies.'” 
The volume of air and PCEF exsufflated during MI-E are 
comparable with those expulsed during normal adult 
coughing. In one study of 46 neuromuscular ventilator 
users, PCEFs of more than 7.5 litre s"' were obtained using 
MI-E, as compared with 4.3 litre s' using a maximum 
inspiratory capacity manoeuvre followed by manual assist- 
ance with abdominal compression.'! Early work has shown 
that in addition to the clearing of pulmonary infiltrates and 
atelectasis, MI-E can increase FVC by up to 55% in patients 
with paralytic restrictive pulmonary conditions.'* The use 
of MI-E through a tracheostomy tube has been demonstrated 
to be effective in reversing acute atelectasis associated with 
airway secretions, although PCEF were shown to be greater 
when MI-E was applied via a mask. A recent study has 
confirmed the value of MI-E in decreasing hospitalization 
rates for respiratory complications of neuromuscular dis- 
ease. "? 

The MI-E that we used is the Emerson CoughAssist™ 
Mechanical In-Exsufflator (J.H. Emerson Co., Cambridge. 
MA, USA) (Fig. 3). It has both a manual and an automatic 
mode, such that cycling from insufflation to exsufflation 
may be manually controlled or automatic. One treatment 
consists of about five cycles followed by a period of normal 
breathing or ventilator use for about 30 s to avoid 
hyperventilation. Each cycle comprises insufflation, then 
exsufflation, followed by a pause, at which the machine 
returns to atmospheric pressure. The pressures are generated 
by a two-stage centrifugal blower.'? The positive and 
negative pressures may be set for insufflation and exsuffla- 
tion, up to a maximum of 60 cm H,O. Each insufflation and 
exsufflation is usually 2-3 s. 

Use of the MI-E has been found to be safe. One study 
found no adverse effects encountered in more than 2000 
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courses of MI-E, the majority of which were in patients with 
intrinsic lung disease.'* Transient appearance of blood- 
streaked sputum, probably originating from the bronchial 
wall sites of detachment of mucous plugs, may occur. 
Animal studies have revealed no evidence of parenchymal 
damage, haemorrhage, alveolar tears, or emphysematous 
blebs in the lungs of animals treated with MI-E.'° 
Borborygmus and abdominal distension are infrequent and 
eliminated by decreasing insufflation pressures, and aspir- 
ation of gastric contents has not been reported. 

In summary, this case report demonstrates the successful 
perioperative management of a child with SMA undergoing 
a single-stage posterior spinal fusion procedure. Use of an 
MI-E device was able to successfully treat sputum retention 
and avoid a tracheostomy. 
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Bilateral pleural effusions occurred after total parenteral nutrition was administered via a left 
internal jugular venous line. The most likely explanation for the fluid passage into both pleural 
cavities was migration of the tip of the catheter from within the vein into the mediastinum. 
Fluid can pass into both pleural cavities via anatomical communications, yet to be described, 


which exist between the two pleural cavities. 
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Fig 1 Chest x-ray showing the tip of the right internal jugular line in a 
position consistent with placement within the superior vena cava, and the 
tip of the left internal jugular line in a position consistent with placement 


within the left bronchiocephalic vein. 


Central venous catheterization can cause various complica- 
tions, which are on the whole simple to explain with our 
current knowledge of anatomy. This case report, however, 
describes a complication occurring after internal jugular 
venous catheterization, which is difficult to explain with our 
current knowledge of anatomy. Reports of ipsilateral pleural 
effusion following misplacement of a central venous 
catheter are not unusual. However, communications 
between the two pleural cavities are not known. A similar 
case of bilateral pleural effusions following a left internal 
jugular venous cannulation has been reported.' A second 
case of bilateral pleural effusions following an attempted 
right subclavian venous cannulation has also been reported.” 
No explanation was provided for the complication in either 
paper. 


Case report 

A 62-yr-old man with a 2-day history of severe abdominal 
pain associated with vomiting was admitted to hospital as an 
emergency. He underwent an uneventful laparotomy on the 
same day. The operative findings were a 50-cm section of 
infarcted terminal ileum and 10 cm of ischaemic terminal 
ileum in continuity with the caecum. A small bowel 
resection and a limited right hemicolectomy were done. A 
thoracic epidural was placed for postoperative pain relief. A 
four-lumen catheter was inserted uneventfully into the right 
internal jugular vein. A portable anteroposterior chest x-ray 
confirmed the position of the line to be satisfactory and a 
good central venous pressure (CVP) trace was measured 
with a transducer. Because this patient had a complex 
medical history (multiple previous myocardial infarctions 


and a pulmonary embolus after an inguinal hernia repair), he 
was admitted to intensive care after surgery. The tracheal 
tube was removed the next morning and transferred to the 
high dependency unit (HDU). 

On the third day of his hospital admission, a decision was 
made to start parenteral feeding as he was not expected to 
absorb enteral feed. An experienced senior house officer in 
anaesthesia placed an |8-gauge single lumen 15 cm catheter 
LeaderCath (Vygon UK Ltd., Gloucestershire, UK) into the 
left internal jugular vein. The entry point was midway from 
a line drawn between the suprasternal notch and the mastoid 
process. Initial cannulation of the vein was not easy, but 
blood was eventually aspirated via the needle. The guide- 
wire threaded easily and blood could be aspirated through 
the catheter. At this point the patient complained of feeling a 
lump in his throat. The anteroposterior chest x-ray showed 
the tip of the catheter in a position consistent with placement 
within the left brachiocephalic vein (Fig. 1) and total 
parenteral nutrition (TPN) was started. There was no reason 
to doubt the position of the catheter in the vein and the 
pressure in the cannula was not measured to ensure that a 
CVP trace was present. The patient made a good recovery 
from his operation, and on the 4th day he was discharged 
from HDU to the ward. 

Two days after the commencement of TPN, the patient 
was noted to be more breathless. High flow oxygen via a 
face mask was needed to keep his arterial oxygen saturation 
above 90%. Arterial blood gas analysis showed a pH of 
7.33, a carbon dioxide tension (Paco.) of 7.6 kPa, and an 
oxygen tension (Pao,) of 7.1 kPa while breathing 60% 
oxygen. A chest x-ray showed bilateral pleural effusions 
(Fig. 2). Ultrasonography of the thorax confirmed large 
bilateral pleural effusions. A 20-F chest drain was placed 
into each side of the chest. Over 2 litres of white, milky fluid 
was drained from the right-hand side and another 2 litres of 
a similar milky coloured fluid was drained from the left- 
hand side. As the fuid was suspected to contain TPN, the 
infusion was immediately stopped. It was not possible to 
aspirate blood, ai or fluid from the venous cannula. 
Biochemical analysis of the drained fluid from both sides 
suggested that it was TPN. The two samples of drained fluid 
had glucose concentrations of 20.0 mmol litre’! and 
22.0 mmol litre’. The patient’s blood glucose was 
4.9 mmol litre™' at the time. The glucose concentration of 
the TPN was 397 mmol litre’. The drained fluid was 
presumably a mixture of TPN and pleural fluid. Before the 
removal of the catheter, 60 ml of radiographic contrast was 
injected. An immediate chest x-ray showed contrast in the 
upper mediastinum (Fig. 3). However, a repeat chest x-ray 
45 min later showed no contrast in the chest. It was assumed 
to have drained from the chest drains. 

After placing the chest drains, arterial blood gas analysis 
showed a pH of 7.38, Paco, of 6.2 kPa and Pag, of 14.0 kPa 
on 60% oxygen via a facemask. The chest radiograph 
showed resolution of both pleural effusions and re-expan- 
sion of both lungs. Antibiotic treatment with cefotaxime and 
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Fig 2 Chest x-ray showing bilateral pleural effusions 





into the 


Fig 3 Chest x-ray 
mediastinum immediately following its injection into the left catheter. 


showing the spill of contrast upper 


metronidazole was continued, which had been started 
empirically after surgery. Over the next 3 days, further 
drainage from both chest drains was minimal and the patient 
remained apyrexial and well. The chest drains were 
removed after 3 days and the patient was finally discharged 
from hospital 12 days after the laparotomy. 


Discussion 

This is a case of bilateral pleural effusions after attempted 
left internal jugular venous cannulation. The most likely 
explanation of the bilateral effusions is the passage of TPN 
from the displaced catheter into the mediastinum and then 
into both pleural cavities via anatomical communications 
between them. Fortunately, the patient recovered unevent- 
fully. 


Reports of ipsilateral pleural effusion following mis 
placed central venous catheters are not unusual. * Possible 


channels communicating between the peritoneal cavity and 


the pleural cavity have also been reported.” However. n 
communications are known between the two pleural cas 
ities. Hence, this case is unusual. Two similar cases of 


bilateral pleural effusions following attempted central 
venous catheter placement have been reported 
no explanations were suggested for the complication 

I.v. nutrition in patients who are unable to start enteral 
nutrition is a well-established clinical technique. Because of 


although 


their hypertonicity, these solutions must be given into a 
vessel with rapid blood flow and adequate mixing. This 
usually involves using a central venous catheter 
Complications of central venous catheter placement include 
pneumothorax, pleural effusion, thrombophlebitis, brachial 
plexus injury, mediastinal haematoma and arterial cannula 
tion.” 
Percutaneous insertion of central venous catheter 

usually done by using surface anatomical landmarks 


(palpable or visible structures) with known relationship 
to the desired vein. The infraclaviculas 
subclavian vein requires finding the correct location of the 
clavicle, notch and 
clavicular triangle landmarks, proper positioning of th 
patient and operator and correct venepuncture point depth 
direction and insertion angle. Similarly, 
approaches to the internal jugular vein requir 
knowledge of this 
sternocleidomastoid muscle and carotid artery 
Newer techniques, such as portable ultrasound de 
provide bedside imaging of the central veins during 
placement.’ ê The advantages of ultrasound-guided centra 
venous catheter placement include detection of anatomical! 


approach to the 


suprasternal sternocleidomastoid 


arious 
thorougt 


vein’s course in relation to the 


ı catheter 


variations, exact vessel location, avoidance of central veins 


with pre-existing thrombosis that may prevent successful 
catheter placement and guidance of both guidewire and 
catheter placement after initial needle insertion. Althoug! 
there is no doubt that these devices improve the safety of 
central venous catheter insertion, they may not prevent 
subsequent malposition or vascular perforation. Free aspir 
ation of blood from the catheter, an appropriate 


pressul 


trace and the chest x-ray remain the routine methods of 
confirming the position of a catheter. Contrast studies ar 
gold standard for catheter position assessment 
Catheterization via the internal jugular vein may result i 

fewer malpositions than catheterization via the subclavias 
vein.” Generally, catheterization via the left internal jugular 
vein results in more malposition and vascular perforation 
than a catheter placed from the right internal jugular vein 


This is because the right internal jugular vein runs into the 
right brachiocephalic vein in a fairly straight course wherea 


the left internal jugular vein forms a greater bend when it 


becomes the left brachiocephalic vein. The left interna 
jugular vein was chosen in this case because there wa 
already an internal jugular cannula on the right-hand side 
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Catheter tip migration is a recognized phenomenon 
following central venous catheterization, occurring to 
some degree in approximately 17% of all percutaneously 
introduced catheters.” Poor position or aberrant location 
from catheter tip migration has been shown to occur in up to 
6% of catheters.’ However, only two similar cases of 
bilateral pleural effusions following central venous catheter- 
ization were found in the literature. This is a rare 
complication that is yet to be satisfactorily explained. 
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Many complications of attempted central venous access have been described, most related to 
insertion. Larger and stiffer catheters are being used more often for dialysis or massive transfu- 
sion. This case report details how one catheter was damaged during the insertion of a second 
catheter. The problem was discovered when the catheter could not be removed, and was sub- 
sequently removed after dissection. The reason for the difficult removal and the likely conse- 


quences of excessive force are illustrated. 


Br J Anaesth 2002; 89: 650-2 


Keywords: complications, catheter damage; equipment, catheters; monitoring, physiological 


Accepted for publication: May 30, 2002 


Percutaneous insertion of central venous catheters 
(CVCs) is routine hospital practice. Complications of 
this procedure have been well documented. Most arise 
from problems encountered during insertion (cardiovas- 
cular side-effects and bleeding) and during maintenance 
(infection, thrombosis and mechanical risks).! One of 
the mechanical complications of CVC use is breakage, 
with the risk that the distal remnant is dislodged as an 


. . ` . 2 
embolism while a stuck catheter is being removed.” We 
describe an unusual cause of this complication in a 
fairly common clinical scenario. 


Case report 


MF, a 48-yr-old female patient with chronic myeloid 
leukaemia, was admitted with sepsis several weeks after a 
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Fig 1 Antero-posterior chest x-ray. The left internal jugular cannula is 
visible 





Fig 2 Photograph of left internal jugular catheter after removal. The 


distal tip became disconnected after secure application of the artery clip 
during removal 


bone marrow stem cell transplant. Ultrasound scanning of 


her upper thorax and neck revealed thrombosis in both the 


right internal jugular and subclavian veins, because of 


previous catheter insertion for multiple courses of chemo- 
therapy. On the day of admission a 20 cm long, 8.5 Fr, 
quadruple-lumen CVC (Vygon, Cirencester, UK) was 
placed in the left internal jugular (LIJ) vein by a Seldinger 
technique and under ultrasound guidance. The catheter was 
inserted up to the 15 cm mark, with the remaining proximal 
portion external to the patient. The position was checked in 
the usual manner by a chest radiograph (Fig. 1). Seven days 
later, we decided to replace the existing CVC because of a 
suspicion of line-related sepsis. Using the same technique, 
the left subclavian vein was easily cannulated but the guide 
wire met resistance after advancing several centimetres. A 
further two attempts were made in a similar manner, with 
similar results and the procedure was abandoned. Central 
venous access was obtained without difficulty via the right 
femoral vein. 

Some time later, the nurse caring for the patient reported 
difficulty removing the LIJ catheter. Resistance was met 


after 13 cm of the catheter had been withdrawn, with 2 cm of 


Fig 3 The distal section of left internal jugular cathe 


see the individual internal lumen (one of four), now fi 








Fig 4 


Line 
longitudinally, It is possible to see the puncture in the 


drawing representing the interna 

of the partially fractured CVC within the lumen and 
across the gap. One of the four internal lumens rema 
the external the line would hay 


on part of 


embolization 


the catheter still within the vascular lumen. í 
was applied to no avail. Close inspection afte 
had been extended to | cm suggested that ti 
been partially sheared and that complete 
imminent. An emergency cut-down proce 


ire 


formed along the site of the LIJ vein; the cathet n 


was identified and was found to be connected t 


the catheter by one remaining intact lumen 
four. The remnant was secured with an arter 


successfully removed (Figs 2 and 3); the inci 


sutured. After removal it was seen that th 
catheter being stuck was the ridge caused by 


the external material of the line becoming stuc} 


wall on removal (Fig. 4) 
No immediate complications arose from 
but the patient died with overwhelming seps 


Discussion 


Shearing or fracturing is a recognized complica 


use. One centre reports an incidence of 2.5 
period; however, these incidents were all 
Causes that have been described include sl 
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introducer needle during insertion,” high pressure within the 
catheter caused by bolus infusions,” fracturing of the 
external portion by the patient’s body movements (mostly 
infants),’ during removal of a stuck catheter (mostly by 
fibrin sheath formation around the catheter),’ and weaken- 
ing of the catheter tip by movements of the tricuspid valve 
and right ventricular motion? or mechanical forces between 
the clavicle and first rib." In our case, shearing of the LIJ 
catheter was probably caused by repeated cannulation 
attempts from the introducer needle in the left subclavian 
vein, both from the cutting edge of the needle and by blunt 
trauma from the metallic guide wire. The tip of the LIJ 
catheter was in the appropriate position for this to have 
occurred (Fig. 1). In view of this experience, we feel that 
cannulation of a central vein on the same side as an existing 
CVC requires caution. When inserting a new CVC the 
operator should be aware of the position of the tip of an 
existing CVC in relation to the site of cannulation. 
Furthermore, resistance to the passage of the introducer 
needle or guide wire, as we experienced, should be an 
absolute contraindication to further attempts at cannulation 
before the other cannula is removed. 

Various methods of dealing with a sheared or fractured 
CVC have also been explored. Most authors advise against 
applying tension. In contrast, slow gentle traction (up to 
36 h!) has been used with some success,° but usually in 
cases with intact CVCs that have become entangled in fibrin 
sheaths. Cutaneous cut-down followed by distal venotomy 
to remove stuck catheters that have not fractured completely 
has been described previously as safe, simple and easily 
performed at the bedside.* Once complete fracture with 
subsequent embolization has occurred, however, more 


complicated approaches have been used, including radio- 
logical loops, snares and coils, and occasionally surgical 
exploration as a last resort.” Hence, once shearing of a 
catheter is suspected, we advocate very cautious handling of 
the CVC. In particular we believe our case highlights that 
forceful traction on any stuck catheter should be avoided 
and a cause sought as soon as possible. 

In summary, we have described an unusual cause of 
shearing of a CVC. In critically ill patients, changing a CVC 
is a common procedure if the existing catheter is possibly 
infected. Careful handling and immediate bedside attention 
can prevent more serious sequelae, such as embolization of 
a fragmented catheter tip. Clinicians should be aware of this 
previously unreported hazard of CVC use. 
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We describe a case of a 36-yr-old patient who presented at 14 weeks gestation with multifocal 
dysrrhythmic episodes. Despite treatment with anti-arrythmic agents and an implantable cardi- 
overter defibrillator (ICD) in situ, she continued to experience persistent dysrrhythmic epi- 
sodes. She was delivered by Caesarean section at 34 weeks under general anaesthesia. We 
discuss some of the anaesthetic challenges of parturients with ICD devices. 
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The introduction of implantable cardioverter defibrillators 
(ICDs) into clinical practice in the mid 1980s provided a 
further option for the treatment of cardiac rhythm disorders. 
We present a case to show the complexity and limitations of 
these devices. The case also describes the use of anti- 
arrhythmic agents in pregnancy and following delivery. 


Case report 


A 36-yr-old primigravidae (weight 50 kg; height 157 cm) 
was admitted to the cardiac ward with an unplanned 
pregnancy at 14 weeks gestation and a history of persistent 
arrhythmia which required frequent cardioversion. Her past 
medical history was of surgical correction for double outlet 
right ventricle, pulmonary stenosis and multiple ventricular 
septal defects. She had a 4-yr history of episodes of 
ventricular tachycardia (VT) which were first treated with 
various anti-arrhythmic agents. An ICD (Mini, Guidant, 
USA) was implanted 2 yr prior to her pregnancy. In the nine 
months before she presented, she had numerous (>100 
times) ventricular tachycardic episodes despite her anti- 
arrhythmic treatment with xamoterol 200 mg b.d. and 
flecanide 50 mg b.d. 

She was managed jointly by the Grown Up Congenital 
Heart (GUCH) Team, electrophysiologists and obstetri- 
cians. In the week after presentation, she had further 
episodes of VT with rates of 194-198 beats min”. 
Successful cardioversion treatment restored sinus rhythm 
but she found each episode distressing. Her ICD was 
therefore reprogrammed for anti-tachycardia pacing only 
and disabled from triggering a cardioversion response when 
it detected a VT rhythm. It would, however, recognize a 
ventricular fibrillation (VF) signal rate of 240 beat mın“! 
and respond with a 33 J-defibrillation pulse. Her serum 
flecanide level (240 ug litre’) was within the normal range 
of 200-700 ug litre’. We noted multi-focal beats with 
intermittent bigeminy but she was otherwise asymptomatic. 
She had further intermittent episodes of VT, leading to 
considerable adjustment to her anti-tachycardia pacing 
setting and anti-arrhythmic medications. Despite this, she 
continued to have frequent VTs that predominantly were 
anti-tachycardia paced but which occasionally had a VT 
greater than 240 beat min™ that required a cardioversion 
from the device. An initial echocardiogram revealed 
reduced left ventricular function with a dilated right 
ventricle and mild tricuspid incompetence. 

Although maternal weight was unchanged at 51 kg, an 
ultrasound scan at 18 weeks revealed a normal foetus of 


` 


appropriate size for its gestation. The patient refused 
amniocentesis to determine any potential teratogenic effect 
of the anti-arrhythmic agents. Maternal serum alpha 
fetoprotein level was, however, normal at 17 ku litr aA 
Low-molecular weight heparin was commenced at 22 
weeks gestation because of the increased risk of throm- 
boemboli from the combined hypercoagulable state of 
pregnancy and reduced cardiac output. Because of persistent 
episodes of VT, her flecanide dose was increased despite a 
serum concentration of 350 yg litre’. 

The ICD was tested in the third trimester and confirmed to 
be in good working order. An echocardiogram revealed no 
changes to previous results. She developed new and 
frequent episodes of supraventricular tachycardia (SVT). 
Because the rate of her SVT was similar to her VT, she 
received inappropriate shock therapy. Thyroid function tests 
were checked and were normal. The SVT was terminated 
pharmacologically with intravenous verapamil. Further 
adjustments to the ICD detection enhancements were 
made to discriminate the SVT from the VT so that each 
rhythm could be appropriately treated. Her arterial pressure 
was not affected by these episodes and she experienced 
minimal symptoms. A midwife examined the baby after 
every SVI/VT episode using a cardiotocogram to ensure 
that the foetal condition remained satisfactory. 

At 30 weeks gestation, and with a maternal weight of 59 
kg, she was transferred to a high-dependency unit. A series 
of abnormal rhythms consisting of VT, SVT, and atrial 
fibrillation persisted and required further adjustment of her 
drugs (flecanide, xamoterol, digoxin and magnesium). At 34 
weeks gestation, an episode of heart block required 
reduction of the flecanide and verapamil doses. A decision 
was made to deliver the baby and three doses of 
dexamethasone were given to promote foetal lung matur- 
ation. 

She was transferred to the obstetric theatre. General 
anaesthesia was planned as the patient refused regional 
anaesthesia. Experienced obstetric and cardiac anaesthe- 
tists, and an electrophysiologist familiar with the ICD 
functions were present. The device was programmed to 
‘monitor only’ mode by the electrophysiologist for the 
duration of the Caesarean section. Venous and arterial 
canulae were placed under local anaesthesia. Following 
routine anti-reflux prophylaxis, the patient underwent a 
rapid sequence induction with thiopental 325 mg and 
succinylcholine 100 mg. Anaesthesia was maintained with 
50% oxygen in nitrous oxide and isoflurane 1%. A female 
2.1-kg baby was delivered with Apgar scores of 8 and 9 at 1 
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and 5 min. Oxytocin infusion was started post delivery and 
intravenous morphine was administered. Blood loss was 
approximately 600 ml. Postoperative Hb was 10.8 g dil 
(preoperative Hb 11 g di”). She had no dysrrhythmic 
episodes throughout the delivery. A bipolar electrocautery 
was used intermittently for surgical haemostasis. 

After surgery, heparin, digoxin and flecanide were 
continued and the verapamil dose was reduced. She 
developed a cough and breathlessness 48 h after delivery. 
On auscultation, bilateral lung crepitations were heard. An 
enlarged right ventricle with moderate function was seen by 
echocardiography. Left ventricular contractility was nor- 
mal. Her symptoms improved after furosemide. Episodes of 
recurring SVT occurred on the 6th postpartum day. Digoxin 
and verapamil treatment was reduced. Varying episodes of 
bundle branch block occurred that responded to doses 
flecanide. During her second and third postpartum week, she 
had numerous cardiac dysrrhythmias that required changes 
of her anti-arrhythmia drugs. Hypotension accompanied 
some of these episodes. With episodes of refractory SVT 
and VT and new evidence of cardiovascular compromise, 
she underwent cardiac ablation of identified accessory 
pathways using local anaesthesia with sedation. A new dual 
chamber ICD (Medtronic 7250) was also inserted. This 
device is more capable of discriminating between SVT and 
VT, so that inappropriate therapy is less likely. She also 
started taking oral amiodarone. Her cardiac rhythm became 
stable with no further rhythm disturbance. She was 
discharged after a very long hospital stay (200 days). 


Discussion 
Cardiac arrhythmia is more frequent during pregnancy. 
Metabolic and hormonal changes increase cardiac excit- 
ability. The patient also has to compensate for the 
physiological requirements of the developing pregnancy. 
These changes, which develop in the first trimester before 
becoming stable in the middle and third trimester, include: 
increased cardiac output, increased intravascular volume, 
increased total body water; increased glomerular filtration 
and renal clearance, increased hepatic enzyme function, and 
reduced plasma protein.” These changes alter the pharma- 
cokinetics and pharmacodynamics of many drugs and 
consequently their doses. Changes in absorption, volume 
of distribution, and elimination can make serum levels 
difficult to predict. Observation of drug serum levels and 
clinical effects are often required for adequate management. 
The risk of teratogenic effects during organogenesis in 
the first trimester, and effects on growth and development in 
the second and third trimesters demands caution in the use 
of medication in pregnancy. Most cardiac drugs appear safe 
and are classified as category C according to the US Food 
and Drug Administration, that is, some risk has been found 
in animals but-not in humans.? However, phenytoin and 
amiodarone should be avoided because significant congeni- 
tal abnormalities are associated with their use.* 


Most anti-arrhythmic drugs are also safe for nursing 
mothers. The concentration of the drug in breast milk does 
not usually exceed maternal plasma concentration, and the 
amount of drug taken by the baby rarely reaches therapeutic 
levels. Drugs with a proven record of safe use during 
pregnancy should be chosen for first line treatment.* 

The ICD provides both stored and real-time telemetry 
information that aids the diagnosis of complex rhythm 
disturbances. It also treats life-threatening cardiac events. 
Our report describes a limitation of these devices, since 
single chamber devices may not differentiate between 
SVTs, VTs and VF, resulting in inappropriate treatment. 
Only after a dual chamber system was placed were the 
unstable cardiac rhythms in by our patient correctly 
identified and appropriately treated. 

Hydrocarbon anaesthetic agents such as halothane and 
enflurane are known to depress the cardiac atrio-ventricular 
node and thus can initiate or ameliorate dysrrhythmic 
events.° Halothane sensitizes the heart to adrenaline- 
induced atrial arrhythmias, an effect potentiated by 
thiopentone.’ There is, however, no reported evidence of 
pacing or ICD thresholds affected directly by anaesthetic 
drugs. Anti-arrhythmic drugs can, however, alter pacing or 
defibrillation thresholds.* This is more relevant in parturi- 
ents already on antiarrhythmic agents in whom appropriate 
dosing is already uncertain. 

All cardiac devices should be assessed before and 
after surgery. Pacemaker output failure has been attrib- 
uted to suxamethonium-induced fasciculations.? Although 
there are previous reports of pacemaker malfunction 
caused by high voltage intraoperative electrocautery or 
by magnets,’°'! modem devices are unlikely to be 
reprogrammed because specific sequences of information 
are needed to alter programming. However, electrocau- 
tery can directly damage circuitry or the tissue—lead 
interface, resulting in increased pacing thresholds or 
inadequate sensing. Bipolar diathermy should therefore 
be used. 

Because of her extreme anxiety, our patient opted for 
general anaesthesia. General anaesthesia allows use of more 
invasive monitoring such as a pulmonary artery catheter or 
transoesophageal echocardiogram. However, there is no 
clear contraindication to regional anaesthesia. An epidural 
may be preferable to a subarachnoid block since a more 
controlled onset of effect is possible. Complex cardiac 
patients have undergone Caesarean section using regional 
anaesthesia with good outcome.’” Regional anaesthesia can 
give good analgesia and reduce the sympathetic response to 
surgery. The arrythmogenic and depressant effects of 
volatile agents are avoided so that perioperative cardiac 
rhythm disturbances can be reduced. 

Better treatment of complex cardiac patients increases the 
frequency of treatment in pregnancy and challenges all 
involved in their care, requiring a multidisciplinary 
approach from cardiologists, obstetricians, anaesthetists, 
and electrophysiologists. 
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There are few reports of management of severe bradycardia with temporary cardiac pacing. 
We describe a 65-yr-old female patient who developed bradycardia and hypotension on two 
occasions during general anaesthesia for laryngoscopy. The first episode was treated with atro- 
pine, ephedrine, and colloid infusion and the second with a temporary pacemaker and ephe- 


drine. 
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Excessive vagal activity, which causes severe bradycardia 
and hypotension, can be life threatening. The trigger can be 
painful stimulation of the bronchial, pharyngeal, laryngeal, 
or oesophageal mucosa.! Prompt treatment is needed with 
urgent restoration of venous return by leg elevation, head 
down tilt, and i.v. fluids, and the use of anticholinergic and 
sympathomimetic drugs.* A pacemaker should be con- 


sidered for patients with vasovagal syncope which is 
frequent and does not respond to medical treatment. The 
use of a temporary pacemaker for patients who develop 
bradycardia during general anaesthesia is controversial.” 

We describe two episodes of severe bradycardia in the 
same patient during general anaesthesia, the second of 
which was managed with a pacemaker. 
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Case report 


The patient was a 65-yr-old female who weighed 59 kg. She 
was admitted to hospital to have direct laryngoscopy and 
vocal cord biopsy, because of a history of hoarseness. This 
was to be carried out under general anaesthesia. 

She gave a history of a myomectomy under general 
anaesthesia in 1970, which was uneventful, and asthma for 
the last 25 yr. Her medications were N-acetyl cysteine and 
an inhaler of fluticasone propionate. 

She was given 5 mg diazepam by mouth before going to 
the operating theatre. She was monitored with non-invasive 
arterial pressure, electrocardiogram, and pulse oximetry. 
Her heart rate was 68 beats min™' and arterial pressure 
115/78 mm Hg. Anaesthesia was induced with propofol 
150 mg, followed by vecuronium 6 mg and fentanyl 200 ug. 
After the trachea had been intubated with a microlaryngeal 
tube, her heart rate was 76 beats min” and arterial pressure 
was 136/82 mm Hg. Anaesthesia was maintained with 2% 
sevoflurane in nitrous oxide/oxygen, and the patient was 
positioned slightly head up to facilitate direct laryngoscopy. 
Sinus rhythm was present throughout the episode. 

Immediately after direct laryngoscopy by the surgeon, the 
heart rate suddenly decreased to 28 beats min™’. Despite 
withdrawal of the laryngoscope, bradycardia persisted. 
Atropine 0.5 mg was given i.v., but the heart rate remained 
slow and the arterial pressure was 55/28 mm Hg. A further 
dose of atropine 0.5 mg i.v. had no effect but ephedrine 10 
mg i.v. caused the heart rate to increase to 72 beats min™. 
Hypotension persisted and was treated with infusion of 500 
ml of hydroxyethyl starch. Arterial blood gas and serum 
electrolyte measurements were normal. After 12 min the 
patient became cadiovascularly stable. The operation was 
postponed, and the patient recovered without sequelae. 
Subsequent cardiac examination was normal. 

Six months later the same patient returned for treatment 
of nasal polyps, by nasal endoscopy. Her hoarseness had 
resolved with medical therapy. On careful questioning the 
patient gave a history of attacks of syncope or pre-syncope 
for 40 yr. A cardiologist suggested a head-up tilt test, and 
that a temporary pacemaker should be used. Tilting head up 
to 60° for 45 min* had no effect. 

For the second operation, she was given diazepam 5 mg 
by mouth. After applying non-invasive cardiovascular 
monitors a temporary pacemaker? (Dispomedia®) was 
inserted via the femoral vein to the apex of the right 
ventricle, and set at 60 beats min™’. Before induction of 
anaesthesia her heart rate was 66 beats min” and the arterial 
pressure was 125/66 mm Hg. Anaesthesia was induced with 
etomidate 18 mg, followed by vecuronium 6 mg and 
fentanyl 250 pg. After tracheal intubation, the heart rate 
decreased. The pacemaker became active and at the same 
time the arterial pressure was noted to be 76/40 mm Hg. 
After ephedrine 10 mg i.v., the heart rate was 68 beats min” 
and the arterial pressure 106/58 mm Hg. The remainder of 
the surgery and anaesthesia was uneventful. The pacemaker 


was withdrawn the day after surgery. The patient recovered 
completely and left hospital after 3 days. 


Discussion 

During anaesthesia, changes of heart rate may suggest 
changes in the depth of anaesthesia; changes in vagal 
activity, or the effects of drugs or possible hypoxia. Simple 
vagal reactions usually respond to when the stimulus is 
stopped. Here, the vagal response was excessive and severe 
hypotension persisted despite stopping the laryngoscopy. 

Tilt-table testing may be useful in the diagnosis of 
vasovagal syncope, and can guide treatment. However the 
tilt-table test is positive in only 75% of patients with classic 
vasovagal syncope. The sensitivities of the various test 
methods vary widely and they are only 75-80% reprodu- 
cible, suggesting that they may give an incorrect diagnosis.° 
However, as tilt-table testing is the only investigation that 
can precipitate a typical attack that can be directly observed, 
it is taken as the ‘gold standard’ for the diagnosis of 
vasovagal syncope.* 

Clinically, syncope associated with autonomic dysfunc- 
tion tends to be most frequent early in the day, and is more 
likely after a period of bed rest, after vigorous exercise, or 
during drug treatment that can reduce central circulatory 
volume. Unlike vasovagal faints, these episodes of syncope 
are not associated with bradycardia, sweating, or marked 
pallor.* Our patient’s clinical presentation, and the absence 
of predisposing factors such diabetes mellitus led us to think 
she had a vasovagal response rather than autonomic 
dysfunction. 

Treatment of vasovagal syncope with a pacemaker is 
controversial. Vasovagal syncope can be aborted by dual- 
chamber pacing, and if syncope does occur, pacing can 
prolong consciousness.’ However, in a report of 22 patients 
with neurocardiogenic syncope, pacing failed to prevent a 
decrease in arterial pressure during bradycardia caused by 
tilt testing." 

Temporary pacing is most commonly used to treat 
symptomatic bradycardia for short periods, either before a 
permanent pacemaker or when the bradycardias is not 
persistent.*° There are few reports of temporary pacing for 
general anaesthesia.” We suggest that as well as drug 
treatment, temporary pacing is a useful form of treatment 
for this condition. 
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Interdisciplinary collaboration in anaesthesia 
research 


Editor—Interdisciplinary collaboration is an important aspect of 
contemporary academic medicine. It is recognized as essential to 
allow translation of advances made in the laboratory to advances 
in clinical practice.'? The extent to which researchers are 
collaborating with experts outside their field is a key indicator 
of research practice patterns, and may have implications for the 
likely 1mpact of such research within the parent specialty and in 
other fields of medicine. We noticed that there ıs no information 
concerning the nature or extent of collaboration occurring in 
anaesthesia research, the manner in which this may have changed 
during the recent evolution of our specialty, or the differences that 
exist between countries. We therefore performed a manual survey 
of papers describing original research, published in four major 
English-language anaesthesia journals by sampling one year from 
each of the past five decades. 

Journals surveyed were Anaesthesia, Anesthesia and Analgesia, 
Anesthesiology and the British Journal of Anaesthesia; 3001 
articles were included. We found that the number of authors per 
paper, the number of countries represented and the proportion of 
studies which are multicentre and international have increased 
progressively during the past 50 yr (P<0.05, Chi-square test for 
trend) (Table 1). There have been steady increases in the 
proportion of papers that are the product of collaboration with 
clinical and non-clinical specialists from disciplines other than 
anaesthesia, and in the variety of such disciplines. The two 
countries with the greatest share of publications, the US and the 
UK, differ greatly in their collaborative practices. In the year 
2000, 49.2% of US papers involved collaboration of two or more 
disciplines, whereas 30.4% of UK papers involved multidisci- 
plinary collaboration. Our data may understate this difference as 
many US investigators hold joint appointments with basic science 
departments but for the purpose of this analysis they were 
considered to be anaesthetists only. Among the five countries 
publishing the most papers ın 2000 (USA, UK, Japan, Germany 
and France), there were no differences in the tendency to 
collaborate between clinical and non-clinical disciplines (data 
not shown). Overall a trend was evident; whereas in 1950 research 
papers published by a sole author were common, in subsequent 
decades these became increasingly rare. Collaboration with 
additional anaesthetists from within the same centre increased, 
followed by collaboration with anaesthetists from other centres 
and from other countries, and collaboration with specialists from 
other medical and scientific disciplines. The year 2000’ was the 
first year of those surveyed in which specialists from outside 
medicine and science were represented (e.g. economics, business 
administration). 


The influenze of multi-disciplinary involvement in anaesthesia 
research cannot be measured by a survey of this kind although we 
submit that this increase represents a healthy trend for the 
specialty. A positive impaci of multi-disciplinary collaboration in 
research has been demonstrated in primary care.? Academic 
emergency medicine physicians have produced a consensus 
statement on research collaboration which includes recommenda- 
tions on how this may be fostered within and particularly outside 
their specialty.* The last 20 yr have been notable for landmark 
advances in several biological sciences including molecular 
biology and genetics. To harness these developments for the 
advance of anaesthesia, it will be necessary to establish and 
maintain collaborative networks with experts in these fields.” 
Several factors tend to hamper this, however. including: the 
structural organization of academic medical institutions;? grant 
application procedures that reward only the principle investigator; 
difficulties among clinicians and basic scientists in recognizing 
merit in each others work;° and potential for disagreements over 
authorship.° 

We limited this survey to four major American and UK 
anaesthesia journals. It is possible that distinct trends in 
collaboration may be more demonstrable in subspecialty journals 
or in basic science journals. The relative contribution of 
participants within a collaborative network cannot be assessed 
from the current method of author listing, (although alternative 
methods have been suggested),° nor can the umpact of these 
experts on the advance of anaesthesia be quantified. Nevertheless, 
experts from a burgeoning vanety of disciplines have become 
involved in anaesthesia research; it is probable that they have 
considerably influenced its scope and impact. 


L G. Kevin! 

A. J. Cunningham? 
Milwaukee, WI, USA 
2Dublin, Ireland 
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Table 1 Survey results. Note Multicentre excludes international studies. *Excludes Anesthesia & Analgesia (ın 1990 professional disciplines of authors were 


inconsistently stated) 


1950 1960 
Authors (mean (SE)) 1.7 (0.07) 2.1 (0.09) 
Sole author papers (%) 524 38 4 
Countnes (7) 10 12 
Multicentre (%) 41 65 
International (%) 0 0 
Disciples (n) 3 7 
Multdisciplinary (%) 2.7 18.4 


1970 1980 1990 2000 

2.6 (0 06) 32 (007) 4.0 (0.07) 4.9 (0.06) 
198 96 36 14 

24 26 28 47 

38 10.7 163 171 

12 25 50 111 

22 37 38* 33 

30.3 43.5 33 6* 47 
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Risk of accidental extubation with disposable 
tonsillectomy instruments 


Editor—As a result of the increased prevalence of nvCJD within 
the UK population, there has been concern about the theoretical 
tisk of transfer of prions during tonsillectomy and adenoidectomy. 
Disposable instruments were widely introduced in 2001, but 
concerns regarding the safety of these instruments led to the return 
to reusable instruments in England. In Scotland, the use of 
disposable equipment remains mandatory. Although the main 
concer regarding disposable tonsillectomy equipment ıs an 
increase in the postoperative haemorrhage rate,’ we noted an 
mcreased incidence of herniation of RAE tubes through the gap in 
the blade of the Boyle Davis gag (Fig. 1), risking inadvertent 
extubation. This could endanger the security of the airway if the 
gag ıs moved or adjusted during surgery, and has been previously 
reported with non-disposable equipment ?~* 

We tested various combinations of RAE tubes and blade sizes 
with disposable and non-disposable sets and found that herniation 
was more common with the disposable sets. This is most likely to 
occur in children aged 4-8 yr, due to the similarity between the 
tube sizes and the width of the gap in the tongue blades used in 
this age group. 

Different sizes of Boyle Davis tongue blades (sizes 2.5-4.5 
inches, Rocketmedical) and RAE tubes (4.5-7.0 mm) were 
assessed. Blade sizes 2.5 and 3.0 inches were found to have the 
same size of gap (5 mm anteriorly, 6 mm posteriorly), and blade 
sizes 3.5, 4.0 and 4.5 inches also have the same gap width (5 mm 
anteriorly, 7 mm posteriorly). We repeated the study using non- 
disposable instruments. 

The results show that RAE tube sizes 4 5, 5.0 and 5.5 mm are 
‘the most likely to herniate with any size of tongue blade. With 





Fig 1 RAE tube herniting through gap in the blade of a Boyle Davis gag 


larger RAE tubes, hermation was less likely as the gap in the 
tongue blade is smaller than the external diameter of the tube. 
When the study was repeated with the non-disposable sets it was 
also found that herniation was less likely to occur. This 1s because 
the gap size is smaller, and the area of the blade next to the gap 1s 
bevelled to accommodate the tube. It should also be noted that 
RAE tubes are more malleable at body temperature and this may 
increase the risk of herniation. 

Whilst the msk described above may vary with different 
equipment manufacturers, anaesthetists and otolaryngologists 
should be alert to the possibility of the tracheal tube being 
inadvertently displaced during adenotonsillectomy. This problem 
should also be considered by companies manufacturing disposable 
tonsillectomy sets. 


D. M. Wynne 
J. N. Marshall 
Glasgow, UK 
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Airway management in the emergency 
department 


Editor—The debate on airway management in the emergency 
department continues unabated.’> One of the mayor difficulties 
surrounding this area is the definition of complications in this 
setting, and the lack of consistency in published studies which 
makes compansons difficult and open to misinterpretation. 

Berry? misquoted from a preliminary abstract of the Scottish 
Rapid Sequence Intubation (RSI) study,® by suggesting that 25% 
of RSI patients were intubated without an anaesthetic drug The 
abstract actually states that 123 patients were intubated without 
the need for anaesthetic drugs and these were excluded from the 
reported group of patients that actually underwent a formal RSI. It 
may be of interest to note that this two year prospective study of 
nearly 1631 patients (of whom 735 had a rapid sequence 
intubation) is now complete and awaiting publication.’ 

The study shows that emergency physicians perform rapid 
sequence intubation on patients who are more physiologically 
unstable (91.8% vs 86.1%, P= 0.027), and on a higher proportion 
of patients within 15 min of arrival in the emergency department 
(32.6% vs 11.3%, P<0.0001) than do anaesthetists, with no 
statistically significant difference in complication rates (12 7% vs 
8.7%, P=0.1). Anaesthetists achieve better laryngoscopic views 
(94.0% vs 89.3% P=0.039) and have higher first attempt success 
rates (91.8% vs 83.9% P=0.001), but the overall success rate is 
identical for the two specialties,’ ® 

Berry” suggests that increasing the role of emergency 
physicians in airway management would ‘blur the boundary 
between the two departments’. We believe this would be of 
undoubted benefit to the cntically ul patient by umproving 
collaboration between the two specialties, along with training 
and standard setting ın this critically important subject. The 
realistic suggestions for progress proposed by Nolan and Clancy! 
are welcome and should be pursued ın a careful and monitored 
fashion. 
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Prediction of neurological outcome following 
outside hospital cardio-respiratory arrest 


Editor—We read with interest the case report on neurological 
outcome prediction in a cardiorespiratory arrest survivor by Goh 
and colleagues.' We would like to report a similar incident which 
occurred in our hospital : 

A 45-yr-old male collapsed suddenly in the street. The person 
who witnessed the collapse alerted the London Ambulance 


Services within 10 mm. When the paramedics arrived 8 min’ 


later, there was no respiratory effort and no palpable pulse. The 
ECG monitor showed ventricular fibrillation. Sinus rhythm was 
restored after the first DC shock of 200 joules. The carotid pulse 
became palpable and the heart rate was 106 beats min™’. Arterial 
pressure was 102/53 mm Hg. The patient started to breathe but 
remained unconscious with a Glasgow coma scale of 3. The 
cervical spine was stabilized with a hard collar. Tracheal 
intubation was attempted by the paramedics but failed. The 
airway was maintained with a Guedel airway and jaw thrust. The 
respiratory rate was 5-6 bpm. Oxygen 15 litres was administered 
via facemask with a reservoir bag. An oxygen saturation of 96% 
was achieved at the scene and the patient was transferred to our 
hospital. 

On arrival in the accident and emergency department, the 
patient was making spontaneous respiratory effort and his 
oxygen saturation was 95%. Air entry was poor bilaterally 
with coarse basal crepitations. The heart rate was 90 beats 
min“ with an arterial pressure of 100/50 mm Hg. The 
Glasgow coma scale improved to 5/15. He was moving all 
four limbs to painful stimulation. The pupillary size was 3 mm 
bilaterally and sluggishly reactive to light. Following preox- 
ygenation and rapid sequence induction, the trachea was 
intubated without any complications. Sedation was maintained 
with a propofol infusion. A bolus of atracurium was 
administered to facilitate intermittent positive pressure ventila- 
tion. A 12-lead ECG showed sinus rhythm with non-specific 
ST segment abnormality. An urgent CT scan of head did not 
show any abnormality Cervical spine x-rays were normal. 


Chest x-ray revealed consolidation of the right middle and 
lower lobes secondary to aspiration. The patient was 
transferred to the intensive care unit (TU) for further 
management. 

During his stay in ITU, the patient’s clinical condition was 
complicated by convulsions and sepsis The first episode of 
convulsions cccurred 7 h after the cardiac arrest. This initially 
responded to phenytoin 1.35 g and Diazemuls 10 mg. Phenytom 
300 mg was continued once daily. Further seizure activity 
required treatment with Diazemuls and sodium valproate. 
Sedation was maintained with infusions of propofol, midazolam 
and alfentanil. He remained stable cardiovascularly, initially 
requiring epinephnne 0.6 ug kg min™', which was later weaned 
and substituted by dobutamine 7.5 pg kg! min™. An echocardio- 
gram showed a normal size left ventricle with reasonable systolic 
function. The nght ventricle was dilated with poor systolic 
function and the right atrium was mildly dilated. EEG revealed 
epileptic activity correlating with the clinical signs. The troponin 
T level on day 3 was 0.08 pg litre). Pulmonary angiogram 
performed on day 7 showed no evidence of pulmonary embolism. 
Percutaneous tracheostomy was performed on day 10. Despite 
anticonvulsant therapy, the patient continued to have seizures and 
adopted a decorticate posture. In view of this, the poor prognosis 
was discussed with the family and a decision was made not to 
resuscitate in the event of cardiac arrest. 

However, from day 11, the patient made a dramatic 
improvement in neurological function. He responded appro- 
priately to conversation and began obeying commands The 
decision not to resuscitete was therefore cancelled. The GCS 
gradually improved to 15/15. Respiratory support was weaned. 
By day 14, the patient was able to sit up in bed but could not 
maintain his balance. The seizure activity gradually decreased 
and he demonstrated full power in both arms and legs. 
Sensation in both limbs was normal and he had no 
contractures. On day 20, he was able to mobilize in the ITU 
using a Zimmer frame, but still continued to have difficulty in 
coordinating movements The tracheostomy was sealed with 
occlusive dressing. He could eat a normal diet. He was then 
referred to the rehabilitation umt for further management. He 
made a complete physical and neurological recovery by day 
29, including past and recent memory. He 1s due to be 
discharged home soon. He is booked for an elective coronary 
angiogram 

We believe that our patient suffered cerebral hypoxia during 
cardiorespiratory arrest possibly secondary to a coronary event. 
This may have caused a period of ventricular tachycardia and led 
to no cerebral perfusion for up to 18 min He did not have any 
CPR during this penod. Despite restoring cardiac output after the 
first DC shock of 200 joules, he remained unconscious. Duration 
of anoxia and postanoxic coma are considered prognostic 
indicators. Ovr patient adopted a decorticate posture and 
experienced generalized seizures. He had no history of epilepsy. 
In the ICU, tae patent continued to have clinical and EEG 
evidence of epileptic activity, which was difficult to control. The 
patient also developed generalized myoclonic jerks. Similar to the 
case report by Goh and colleagues,” our patient too, in spite of 
these poor prognostic features, made a good neurological 
recovery It is possible that there was some on-going systemic 
perfusion during the collapse, which was followed by ventricular 
fibnilation. 

Conventional clinical and EEG assessment of neurological 
recovery from cerebral hypoxia after cardiac arrest can be 
misleading. With the current paucity of ITU beds, it is difficult 
to determine time periods in resuscitation policies. Both Goh’s 
patient and our own have shown that unexpected improvement 
can occur. Therefore the decision ‘not for resuscitation’ needs 
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to be reviewed in the light of unexpected neurological 
improvement. 

R. Srikiran 

G. Menon 

Croydon, UK 
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An audit of Robertshaw double lumen tube 
placement using the fibreoptic bronchoscope 


Editor—An editorial by Pennefather and Russell! added to the 
continuing debate about confirming the location of double lumen 
tubes with a fibreoptic instrument Papers were quoted which 
found a primary malplacement rate varying between 39%* and 
83%,° with one” reporting critical malposition in at least 13% The 
need for further checks throughout surgery was also suggested.’ 
Most of the evidence used to support these conclusions was based 
on the use of plastic tubes and only one paper, that by Hurford and 
colleagues," involved any of the genuine Robertshaw pattern tubes 
(then made by Leyland Medical, now by Phoenix Medical Ltd. of 
Preston, Lancashire), which continue to be widely used in many 
parts of the world However, only 21% of their 70 Robertshaw 
intubations were confirmed with fibreoptic bronchoscopy, whulst 
7% (no doubt with some overlap) were checked in the course of 
surgery. This department uses Robertshaw tubes extensively but 
with varying methods of placement, and in the current climate ıt 
was felt necessary to audit the location of a series of 
conventionally placed tubes by inspection with a fibreoptic 
bronchoscope 

Consecutive conventional Robertshaw double lumen intuba- 
tions carried out by one of us (AS) were checked by a second 
consultant thoracic anaesthetist using a fibreoptic broncho- 
scope Cases where it was difficult to obtain a satisfactory 
clinical locdtion were excluded, as were those where a suitable 
fibreoptic bronchoscope or bronchoscopist were not available. 
The findings from surgical bronchoscopy were available in 
most instances. The induction sequence included an anti- 
sialogogue (atropine 600 ug). Invanably, intubation of the 
dependent lung was attempted with the largest Robertshaw 
tube that would negotiate the larynx. The location sequence 
relied mainly upon visual inspection, estimating relative 
compliance and listening for leaks. In a few troublesome 
cases, final checks were made with the aid of a pressure/ 
volume loop trace? Bronchial cuffs were primed and inflated 
with saline, the precise amount required being accurately 
adjusted. Fixation employed sleek over a Guede] airway. When 
the patient was turned into the lateral position, the degree of 
head flexion used during intubation was maintained since it 1s 
known that flexion and extension may advance or withdraw 
the tip respectively.® 

Fifty adults were included in the audit—36 males and 14 
females. There were 35 major thoracotomies, seven video-assisted 
thoracoscopies, five open lung biopsies and three other proce- 
dures. The Robertshaw tubes used were as follows left, 17 large, 
five medium and three small, and right, 16 large, eight medium 
and one small (a 50/50 split). In the 14 females 10 medium and 
four small tubes were used Thirty-three males accepted large 
tubes and three required medium—all right sided In one of these 
the large tube stuck at the larynx and the other two failed to 
advance sufficiently into the bronchial tree 

The single fibreoptic bronchoscope check was made as soon 
as practicable after commencement of surgery. The tracheal 


and bronchial sides were checked primarily to ensure that both 
main and upper lobe bronchi were free of obstruction The 
extent to which the tube departed from the best possible (that 
is, optimal) position having regard to the anatomy was also 
noted. We grouped the observations into four categories 

(G1) Optimal or near-optimal. In the case of a left-sided tube 
‘near optimal’ is defined as up to 1 cm from the perfect 
position, consistent with unobstructed airways and a clear view 
of the main carina and sub-carina With the nght-sided tube, 
there 1s little scope for variation and the two terms become 
synonymous. 

(ii) Sub-optimal. This can only apply to a left-sided tube and 
indicates a situation where it 1s more than 1 cm from the best 
possible position but with both the main and sub-carina stt? 
visible and no obstruction to the right main or left upper lobe 
bronchi. 

(iii) Misplaced (but satisfactory) Here the tube 1s out of 
position but the lungs are safely isolated and there 1s a reasonable 
passage into the appropriate main and upper lobe bronchi. 

(iv) Unsatisfactory. Potentially dangerous, bad enough to 
require re-positioning. 

The tube positions noted on fibreoptic bronchoscope checking 
were as follows 

(i) 42 (84%) were optimal or near-optimal 

(ii) 6 (12%) were sub-optimal but satisfactory. 

(ii) 2 (4%) were malplaced but satisfactory. 

(av) No tube was designated unsatisfactory or required re- 
positioning 

None of the 50 investigations gave mse to any clinical 
problem that could be attributed to the position of the tube Of 
the two instances of malplacement one was a medium left tube 
in a female scheduled for right video-assisted thoracoscopy. It 
proved impossible to detect the position of the left upper lobe 
orifice on clinical grounds because, as it turned out, it was 
completely stenosed. The tube had deliberately been pulled 
back as far as possible, consistent with satisfactory lung 
isolation and the maim carina was partly obscured, although 
there was a good passage into the right main bronchus. The 
second was a large nght tube in a 56 kg, 173 cm male which 
behaved normally in all respects but was, in fact, wedged in 
the right main bronchus above, and clear of, the right upper 
lobe onfice. The left main bronchus was not obstructed and 
there was no clinical indication to replace the tube. 

Fifty-two patients were omitted from the audit This was mainly 
because of the absence of a suitable fibreoptic bronchoscope o1 
bronchoscopist, but positioning problems were a factor in nine 
cases One wholly and two partially tracheal, mght upper lobe 
onfice locations were noted by an expenenced surgeon at 
bronchoscopy in patients destined for nght-sided tubes. These 
apart, the failure to obtain completely satisfactory clinical location 
in 102 consecutive patients was 6%—in line with other 
comparable senes.’*® The nature of the location problems made 
it unlikely that this figure could have been improved upon by 
direct visualization. Our main findings were as follows 

(i) Where placement of a Robertshaw tube, without the aid of a 
fibreoptic bronchoscope, was satisfactory on clinical grounds, this 
was confirmed in at least 96% of cases upon direct visual 
inspection—indeed, there was no instance of critical malposition 

(ii) Where a Robertshaw tube had been carefully placed and 
firmly fixed, 1ts position was unlikely to alter Our single fibreoptic 
bronchoscope check was made after positioning the patient The 
timing was random and eventually it would have detected that 
tubes were being displaced during surgery, even if that was not 
clinically apparent. 

There can be no doubt that the fibreoptic bronchoscope is a 
useful tool. However, for an experienced anaesthetist, this audit 
has not shown it to be essential; indeed the instrument provides 
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objective support for the contention by Conacher and colleagues® 
that the design and materials of the Robertshaw tube contribute to 
safe deployment by conventional means. The ability to place a 
Robertshaw tube blind may be vital where, for example, a suitable 
flexible bronchoscope is not available or there is heavy bleeding 
into the bronchial tree. 


A. H. Seymour 
L. Lynch 
Birmingham, UK 


Acknowledgement: We gratefully acknowledge the help of Dr 
Brendan O’Connor, consultant anaesthetist, in conducting this 
audit. 


Editor—Thank you for the opportunity to reply to Seymour and 
Lynch who conclude from an audit of patients receiving red 
rubber Robertshaw (Phoenix) double lumen endobronchial tubes 
(DLEBT) that the use of a fibreoptic bronchoscope 1s not essential 
for these patients. In our opinion, neither this audit nor the 
literature they quote support this conclusion. 

Seymour and Lynch audited the blind placement of red rubber 
tubes in 102 consecutive patients. They bronchoscoped 50 
patients, in one patient undergoing left lung anaesthesia, an 
occluded left upper lobe bronchus was detected. Nine of 52 
patients omitted from this study were excluded because of 
difficulty placing the DLEBT blindly. In three of these nine 
patients there was a tracheal ongin to a right upper lobe or nght 
upper lobe segmental bronchus. No details of the location 
problems experienced in the remaining six patients are given 
but a fibreoptic bronchoscope would have facilitated the accurate 
placement of an alternative DLEBT/ bronchial blocker if optimal 
placement of the DLEBT ın use could not be achieved. As 
discussed ın our editorial, the variability in tracheobronchial 
anatomy 1s central to any discussion on placement of DLEBT and 
cannot be dismissed.' It is difficult to comment on the incidence of 
significant DLEBT malplacement during this audit because of the 
large number of patients excluded. It can be concluded that using 
a fibreoptic bronchoscope ın all audited patients would have 
provided clinically useful information and/or aided the accurate 
placement of an appropnate tube to provide one lung ventilation 
(OLV) in at least 10% of these patients. 

Seymour and Lynch quote a paper by Hurford and colleagues” 
auditing the blind placement of DLEBT by residents working in 
their department. Seventy of their patients received a red rubber 
Robertshaw DLEBT (Leyland). Fibreoptic bronchoscopy was 
never performed on 55 of these 70 patients. The DLEBT was 
repositioned in 13 of the 15 patients in whom fibreoptic 
bronchoscopy was performed after initial blind placement of the 
DLEBT. Thus although 19% of all Robertshaw tubes were 
repositioned as a result of bronchoscopy following initial blind 
placement, the tube was repositioned in 87% of those patients in 
whom the initial blind placement was checked with a fibreoptic 
bronchoscope. 

Seymour and Lynch quote Conacher and colleagues,® who 
prospectively analysed the blind placement of 100 red rubber 
Robertshaw DLEBTs (Leyland) without the use of a fibreoptic 
bronchoscope. Reasonable surgical conditions and oxygenation 
were achieved in 90% of patients. In 11% of patents, 
difficulty was experienced in ventilating the contralateral lung; 
this was presumed to be due to bronchial cuff herniation. 
Upper lobe bronchus blocking by the tube was detected in 8% 
of patients 

We agree with Seymour and Lynch that the ability to place a 
DLEBT blindly is a useful skill and that red rubber tubes of the 
original Robertshaw design are best suited for blind placement. 
We teach our registrars to place a variety of DLEBTs blindly. 


However, we require our registrars to then check and recheck the 
position of all blindly placed DLEBTs with a fibreoptic 
bronchoscope. Most registrars need no further convincing that a 
fibreoptic bronchoscope should be used in all patients. 

As discussed in our editorial, the routine use of fibreoptic 
bronchoscope facilitates the detection of anatomical and patho- 
logical variation in the structure of the major airways, thus 
enabling the choice and placement of an appropriate tube to 
provide OLV.' 

We are of the opinion that the audit by Seymour and Lynch and 
the literature they quote adds further support to the arguments for 
the routine use of fibreoptic bronchoscope in all patients 
undergoing OLV. ’ 


S. H. Pennefather 
G. N. Russell 
Liverpool, UK 
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Somebody else’s nervous system 


Editor—The editorial by Fettes and Wildsmith is informative 
and interesting.’ I would like to highlight a particular problem 
with the combined spinal epidural technique (CSE). In the 
conventional spinal anaesthetic procedure, the needle 18 
supported by the interspinous ligament and ligamentum flavum, 
even if ıt 1s introduced through an introducer, adding stability 
to the needle. In CSE, the very fine spinal needle is only held 
by the tissues of the epidural space, dura and arachnoid 
membranes, There is a risk of needle movement while 
attaching the symnge and injecting the local anaesthetic, 
increasing the rsk of nerve damage. Thus, it is possible for 
the needle to come into contact with a nerve towards the end 
of the injection, after it has been bathed with local anaesthetic, 
without eliciting paraesthesia. 


R. Shankar 
Bedford, UK 
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Editor—-We would like to thank Dr Shankar for his kind 
comments, and the journal for the opportunity to reply. Dr 
Shankar raises another concern about the use of the combined 
spinal epidural technique (CSE) which, although not our 
primary subject, does give rise to some concern. We agree 
that, because of the lack of ligamentous support, there is 
greater scope for the spinal needle to move during CSE. 
However, it should always be remembered that this possibilty 
still exists with the standard single needle spinal. The main 
point which we wished to make in our editorial,! was that any 
instrumentation of the vertebral canal should be conducted 
with the utmost care. 

Dr Shankar’s second point is interesting and may be at least 
partly valid. Local anaesthetics penetrate the nerve rootlets 
very quickly in the subarachnoid space, where there are no 
nerve sheaths, and movement at the end of injection could 
well lead to damage here without contemporary symptoms. 


However, injection of local anaesthetic takes only a few 
seconds, so whether the drug would have time to affect the 
spinal cord itself is another question. Thus Dr Shankar’s point 
is unlikely to be relevant to the cases descnbed by Dr 
Reynolds,” which triggered our editorial. All seven patients felt 
pain on insertion of the spinal needle, and six had evidence of 
spinal cord damage on subsequent magnetic resonance imaging 
scan. 


P. D. W. Fettes 
J. A. W. Wildsmith 
Dundee, UK 


1 Fettes PDW, Wildsmith JAW. Somebody else's nervous system. Br J 
Anaesth 2002; 88: 760-3 

2 Reynolds F. Damage to the conus medullaris following spinal 
anaesthesia. Anaesthesia 2001; 56: 238-47 
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Clinical Anesthesia Practice R. R. Kirby, N. Gravenstein, E B. 
Lobato and J. S. Gravenstein (editors). Published by Saunders, 
Philadelphia. Pp. 1704; indexed; illustrated. Price £98.00. ISBN 0- 
7216-8566-8, 


The first edition of this book was published ın 1994 Its stated aim 
was to provide clinically useful information for trainees and 
specialists. This was achieved by adopting a ‘question and 
answer’ format, very much like a case discussion. The aim and 
format for the present edition are the same. The editors and over 
100 contributors, the majonty of them from Florida, have 
endeavoured to compile a total of 76 chapters in 10 different 
sections. This is a challenging project that attempts to cover the 
whole breadth of anaesthesia practice, except intensive care 
Medicine, ın an unconventional format. 

The first section, quite suitably, is ‘Toward a Safer Practice’. 
This section covers essential elements of pre-anaesthetic evalua- 
tion, quality assurance, critical mcident management, medico- 
legal issues, and many other relevant topics. The chapters keep the 
reader ‘engaged’ in the safety aspects of anaesthetic practice, 
which have gained importance ın recent years. The chapters on 
quality assurance and medico-legal aspects reflect American 
practice, but the information provides valuable insight into various 
issues in these areas. Section 2 is on preoperative consultations. 
The chapters deal with evaluation and preoperative management 
of patients with pre-existing medical problems. While all the 
important aspects of cardiovascular, respiratory and renal diseases 
are well covered, I was disappointed by the lack of information on 
the liver, and on endocrine and connective tissue diseases in this 
section. Section 3 deals with equipment and has all the relevant 
details on modern anaesthetic machines. The chapter on airway 
devices is excellent. However, I was unable to find enough 
information on the Mapleson classification of breathing circuits 
and their clinical application. Section 4 deals with most currently 
used monitoring devices, but a keen reader might fail to find 
enough details on the relevant aspects of physics. Also, a 
comprehensive review of on-line analysis of inhalation anaesthetic 
agents and its clinical application is missing. 

I liked Section 5 which deals with clinically relevant anatomy. 
The chapters on the anatomy of the airway, spine, autonomic 
nervous system, and vascular access are interesting to read and 
make the clinical relevance of the knowledge of anatomy instantly 
apparent. Section 6 covers most of the essential aspects of the 
pharmacology of anaesthetic agents. The chapter on drug 
interactions gives important interactions in a tabular form which 
are instantly available for quick reference However, information 
on other important and commonly used drugs such as inotropes, 
antihypertensive agents, other vasoactive drugs, anti-arrhythmic 
agents, and drugs acting on airway is lacking ın this section. 
Section 7 presents the physiology and pathophysiology of 
different systems This section presents complex physiological 
phenomenon in an easily understandable manner. The approach of 
combining basic physiology with pathophysiology and imterac- 
tions with pharmacological agents, draws the knowledge from 
different areas and crystallizes it into a clinically relevant format. 

Section 8 comprehensively deals with problems related to 
hazardous environments. Section 9 covers the problems related to 
certain patient groups (e.g pregnancy, extremes of age) and to 
certain specialized surgical procedures. I enjoyed going through 
theses chapters which have plenty of useful information and 
detail. However, in this section, I could not find enough 
information on certain important and/or commonly encountered 


procedures, for example, anaesthesia for phacochromocytoma, eye 
surgery, electroconvulsive therapy, and cardioversion. Section 10 
is on transplantation and covers all the relevant transplant 
procedures in adequate detail. 

Overall, I found this book easy to read and follow with its 
appropriate and extensive use of tables, illustrations, flow-charts, 
photographs, and references. The content of each chapter is up-to- 
date, and it reflects good, safe practice throughout. Residents and 
trainees will find plenty of useful information in this ‘question and 
answer’ format, which will help them to recognize the clinical 
importance of a particular topic. Also, this approach imparts 
essential knowledge from different areas of clinical practice in a 
problem-solving manner. However, because of the inherent nature 
of organizing a book in this way, trainees may find that the 
information on one particular area can be scattered throughout 1t. 
Lack of enough information on some key topics, such as 
anaesthesia for an obese patient and others that I have already 
mentioned, does not render this book the first choice for preparing 
for examinations. For a busy practitioner, however, the book 
provides up-to-date information on most aspects of anaesthesia 
practice in an easy-to-read format. I am sure it will find a place on 
their bookshelves for quick reference. However, they will have to 
rely on other texts for certain topics related to high-dependency 
care, unusual medical problems, and complex pain management 
issues. 

R. P. Mahajan 
Nottingham, UK 


Anesthesia for the Cardiac Patient. Christopher A. Troianos 
(editor). Published by Mosby, Inc, St Louis. Pp. 656; indexed; 
illustrated. Price £75.00. ISBN 0-323-00874-7. 


Since the publication of two sets of guidelines—the first in 1996 
by the American College of Cardiologists and American Heart 
Association; and the second in 1997 by the American College of 
Physicians—the perioperative management of patients with 
cardiovascular disease has been the subject of innumerable 
publications. In Anesthesia for the Cardiac Patient, Christopher 
Troianos and his 30 contnbuting authors have attempted to bring 
together, ın one volume, a comprehensive review of the manage- 
ment of patients with cardiovascular disease undergoing cardiac 
and non-cardiac surgery. 

The book comprises 22 chapters divided into four parts: 
perioperative care of the cardiac patient, anaesthetic management 
of cardiac disease, specific cardiothoracic surgical procedures, and 
non-cardiac surgical settings. The book is extensively referenced 
and the overali layout is excellent, as is the quality of the 
numerous figures and tables. Each chapter concludes with a list of 
key learning pots and key references. The chapters on 
preoperative assessment and risk evaluation, intraoperative 
monitoring, and perioperative transoesophageal echocardiography 
(TOE) provide excellent reviews, although the latter lacks a 
concise list of clinical indications and is really only applicable to 
cardiac surgery. Curiously, no mention is made of potassium 
channel openers, statins, or anticoagulants in the cardiovascular 
medication chapter, and the discussions of postoperative care, 
cardiothoracic intensive care and pain relief are, to my mind, a 
little short. The section dealing with the anaesthetic management 
of patients with coronary, valvular, electrophysiological, and 
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congenital heart disease is both concise and comprehensive. The 
repetition of discussion of preoperative risk assessment in the 
chapters on coronary artery disease and ambulatory surgery is a 
minor annoyance, as is the omission of any discussion on 
detecting and managing perioperative pacing problems. The 
section on cardiac surgery begins with an overview of cardio- 
pulmonary bypass, and moves on to minimally invasive surgery, 
thoracic aortic surgery, and transplantation. The detailed descrip- 
tion of ventricular assist devices has to be balanced against the 
absence of any detailed discussion of valve surgery. The final 
section deals with vascular, thoracic and ambulatory surgery, 
trauma, neurosurgery, and obstetrics. 

From the outset, Anesthesia for the Cardiac Patient is an 
ambitious project, particularly when one considers that the 
‘standard’ cardiac anaesthesia texts are all considerably longer. 
The discussion of TOE billig codes and the omission of any 
reference to the European System for Cardiac Operative Risk 
Evaluation (EuroSCORE), suggests that this 1s very much a 
volume targeted at North America. It is perhaps unfortunate that 
neither the Foreword nor the Preface gives any clue as to who the 
intended target readership might be. Having now read the book, I 
still remain unsure. For trainees and generalists there 1s perhaps 
too much detail—evidenced by discussions of minimally invasive 
cardiac surgery and ventricular assist devices. For the cardiothor- 
acic specialist, there is too little detail. For my money (and for the 
trainee preparing for specialty examinations), the standard cardiac 
tomes, Benumof’s Anesthesia for Thoracic Surgery, Jonathan 
Mark’s Atlas of Cardiovascular Monitoring, and Bobbie Jean 


Sweitzer’s Handbook of Preoperative Assessment and 
Management, remain unsurpassed. 
J. E. Arrowsmith 
Cambridge, UK 


The Year in Interventional Cardiology: 2002. H. D. White, P. J. de 
Feijter, B. Meier, A. Colombo, A. P. Banning and R. Schrader. 
Published by Clinical Publishing Services Ltd, Oxford. Pp. 360; 
indexed; illustrated. Price £49.50. ISBN 0-9537339-7-1. 


Interventional cardiology is a rapidly developing field with a 
strong emphasis on evidence-based treatment. Each year sees the 
publication of many clinical studies designed to further define the 
role of both percutaneous interventions and pharmacological 
therapy in the management of coronary artery disease. 

The Year ın Interventional Cardiology: 2002 1s the first edition 
in what we are told will be a regular series. Its purpose is to bring 
the reader up-to-date in one volume by presenting the important 
clinical studies published between 2000 and 2001 Key areas are 
reviewed with several internationally renowned experts having 
contributed to this edition. This book is not meant to be an 
introduction to interventional cardiology and a basic under- 
standing of important principles and previous studies is necessary 
to follow the text. It 1s primarily aimed at interventional 
cardiologists and would be useful for those in training or in 
research. 

The book is divided into six main sections, which are the 
pharmacological management of acute coronary syndromes, 
percutaneous coronary intervention in acute coronary syndromes, 
stents, restenosis, cardiac imaging outside the catheter laboratory, 
and contrast agents. The background, results and interpretation of 
these studies are well presented with important emphasis on 
clinical application of the results. Where relevant, useful tables, 
graphs and figures are clearly presented. 

The consistent application of this structured format presents the 
reader with information in a very logical and precise manner. 


However, it 1s very difficult to get a grasp of the overall subject as 
the development of previous ideas and reference to past studies 1s 
often scant. 

Percutaneous interventions in acute coronary syndromes both 
with and without ST segment elevation are well covered, with 
clear discussions comparing the use of conservative and 
interventional strategies. The adjuvant use of glycoprotein 2b/3a 
inhibitors, low molecular heparins, and thienopyridines 1s 
addressed. The chapters on the development of restenosis and 
its treatment, with particular emphasis on brachytherapy, are well 
covered. The use of drug-eluting stents is briefly mentioned in 
stent design and coating, but there 1s little information about more 
recent developments in their ability to limit restenosis 

Developments in carotid and renal artery stenting are well 
summarized, but there is no mention of the use of covered stents 
in the treatment of aortic dissections or aneurysms. The last few 
chapters of the book discuss the emerging role of new imaging 
modalities such as 3D echocardiography, MRI, and electron beam 
computerized tomography in guiding clinical practice. 

The chapters are well structured with the information presented 
in a clear and concise manner. Important topics are covered in 
detail and well indexed to be useful sources of reference. The 
conclusions at the end of each chapter provide the reader with a 
clear summary and unanswered questions are identified. 

We feel that this book goes a long way towards achieving its 
objective in covering the latest developments in interventional 
cardiology. The contributors have done an excellent job in 
summarizing the extensive literature to produce a useful collection 
of key clinical studies, which are well presented. However, in the 
rapidly moving field of interventional cardiology, the next volume 
is already awaited. 

S. Aziz and R. H. Stables 
Liverpool, UK 


Cardiogenic Shock: Diagnosis and Treatment. David Hasai, Peter 
B. Berger, Alexander Battler and David R. Holmes Jr (editors). 
Published by Human Press, New Jersey. Pp. 370; indexed, 
illustrated. Price US$135. ISBN 1-58829-025-5. 


Every time that I manage to get a patient who is in cardiogenic 
shock onto cardiopulmonary bypass without inducing complete 

iovascular collapse, I give myself a metaphorical pat on the 
back. Cardiogenic shock is one of the most challenging conditions 
to manage as an anaesthetist or intensive care specialist and any 
insight into its pathophysiology or management 1s most welcome. 
This book sets out to provide such knowledge. 

Reading the list of authors and their affiliations left me icy cold. 
Although there was a sprinkling from Europe and New Zealand, 
the authors were predominately from Israel and the USA and I was 
concerned that information the book contamed might not be 
relevant to European practice. In addition, I could only spot one 
anaesthetist in a list of 41 authors who, apart from the odd 
surgeon, were overwhelmingly cardiologists. Therefore, I was also 
uncertain whether the book would have any relevance to 
anaesthetic or intensive care practice. However, my feelings 
towards the book thawed with each successive chapter that I read. 
In the end, there was only one chapter, which discussed 
transportation of patients in cardiogenic shock, that was purely a 
description of US practice and even it was interesting to read. 
Regrettably, my second reservation was born out as the book 
contains little to directly enhance the knowledge and experience 
of an anaesthetist. Any benefit of reading this book for 
anaesthetists is to gain a deeper understanding of the cardiological 
and surgical approaches to cardiogenic shock. 
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Cardiogemic shock has many causes and there are many 
different approaches to its management. To its credit, the book 
tries to present an evidence base to the information provided. 
However, because of its nature, there has been little robust 
scientific investigation of many of the areas covered by this book 
and practice is often governed by clinical experience. There are 
seven parts to the book that start with clinical practice and 
pathophysiology, and finish with transportation of patients, future 
mechanical assist devices and alternatives to the human heart, as 
well as some, as yet esoteric, molecular biological approaches to 
shock. In between, parts to explore include: shock complicating 
acute coronary syndrome; contemporary management of this 
syndrome; mechanical complications of acute myocardial infarc- 
tion; shock related to valvular heart disease; and shock related to 
other conditions including myocarditis, pericardial and congenital 
heart diseases. The chapters are generally well written but vary in 
style of presentation according to author and topic Many are also 
well illustrated and all are well referenced. 

Although much of the information is not of direct practical 
value to an anaesthetist, the book provides a broad overview of the 
subject. The one chapter on operative strategies that does contain 
advice about anaesthesia was far too much a descmption of an 
institution’s practice and not enough of a review of the subject. To 
be fair, there 1s not a lot of evidence to review on anaesthesia for 
cardiogenic shock. What little there was came with some sound 
pieces of advice. For instance, what 1s important is not the specific 
anaesthetic agents one chooses but how one uses them! 
Unsurprisingly, as a cardiac anaesthetist, I found the surgical 
chapters such as those on post-infarct ventricular septal defects 
and papillary muscle rupture, most enlightening. Valuable reviews 
of mechanical assist and heart replacement devices, which are 
rapidly changing areas of innovation, are also provided. 

There is not much to motivate a non-cardiac anaesthetist to 
wade their way through 21 chapters on cardiogenic shock 
However, a cardiac anaesthetist or a general intensive care 
specialist who is involved in the management of cardiological 
complications, will gain much insight from reading some, or all, 
of this book. 

R P. Alston 
Edinburgh, UK 


Practical Pain Management (third edition). C. David Tollison, 
John R. Satterthwaite and Joseph W. Tollison (editors). Published 
by Lippincott Williams & Wilkins, Philadelphia. Pp. 800; 
indexed; illustrated. Price $129.00. ISBN 0-7817-3160-7. 


There are eight sections to this book: foundations, diagnostics, 
therapeutic modalities, pharmacologic interventions, the treatment 
of selected pain disorders, cancer pain and medico-legal issues 
and selected topics—a total of 800 pages written by 81 authors. 

This book is a mixture of the good and bad, some chapters 
being well thought out and clearly written, and some not. The 
book is divided into various sections, although sometimes the 
logic of this division is strange. I can highly commend the section 
involving the treatment of selected pain disorders. Here we seem 
to have experts in their particular fields giving up-to-date clear 
information. The same cannot be said for the preceding three 
chapter sections; approximately 300 pages, which I am sure, could 
be condensed with no loss of information and with increased 
clarity to 100 pages Some chapters are almost unreferenced, the 
value of which with our current evidence-based approach, at least 
in the UK, 1s highly questionable. This book 1s very American 
with almost no attempt to disguise the fact and the question must 
be asked, 1s it really aimed at the worldwide market? In the 


preface, the editors state that they enjoyed the opportunity to 
interact with clinicians from across the world. Only two authors 
were from outside the United States, one of them being from 
Canada. The sections of the book dealing with managed care and 
the Social Security Disability System are not strictly relevant to 
Europeans, although it does well for us to know what to expect for 
the future. 

Overall there are some sections in the book that are very well 
written, and if specific topics are sought, this book is excellent. 
Read as a whole, the repetition and, ın some cases, scientific 
questionability of the writing, become very irritating and counter- 
productive to concentration. It is not a book I would whole- 
heartedly recommend, although reference to ıt would be valuable. 

J Richardson 
Bradford, UK 


Manual of Pain Management (second edition) C. A. Warfield and 
H. J. Fausett (editors). Published by Lippincott Willams & 
Wukins, Philadelphia. Pp. 407; indexed; illustrated Price 
US$59 95 ISBN 0-7817-2313-2. 


This is the second edition of a successful text on pain manage- 
ment, some 10 yr having passed since the first edition was 
published In essence, this is an excellent introduction into the 
field of pain medicine, covering acute, chronic, and cancer pain. 
The authors and editors have successfully managed to cover this 
expanding specialty within one single volume. The first edition 
was a success, and this revised edition will be widely used. The 
aim of the text appears to be the same: the use of self-contained, 
and usually short, chapters that can be used by the reader with 
ease. As with all multi-author books, there is some vanabulity in 
the approach to each chapter, but in general the book successfully 
reaches its aim of presenting pain medicine in small easily 
digested chapters. The text is split into four sections: (1) 
Understanding pain; (1i) Pain by anatomic location; (iii) 
Common painful syndromes; and (iv) Pain management. New 
chapters include. interstihal cystitis; injection therapies; treating 
patients with addictions; paediatric, elderly, and HIV/AIDS pain; 
and legal issues. 

The whole tone of this book 1s very much set by the editors’ 
introduction. This in itself is worth reading because it highlights 
the rapid advances made in North America to establish pain as 
‘The fifth vital sign’ The editors draw our attention in their 
introduction to the work of the Joint Commission on Accreditation 
of Health Care Organisations (JCAHO) and the American Pain 
Society towards this aim. The introduction also makes special note 
of the wide range of educational opportunities in pain medicine 
afforded by the internet, and gives websites for the American 
Medical Association, the American Pain Society, and JCAHO. 
The editors intended that this new edition of the Manual of Pain 
Management should provide the support needed to successfully 
meet the challenge of providing good pain management care in the 
new millennium. My impression is that they have been successful. 

The book is presented as blocks of text with black and white 
diagrams and figures. Initially, some readers might find this less 
than up-to-date in presentation, but with the short design of each 
chapter and regular use of the text, the layout does become 
acceptable. 

In the first section “Understanding pain’, the history, pathophy- 
siology, endogenous opioids, neurotransmitters, nerve conduction 
studies, and the psychological evaluation of pain are covered. This 
section therefore aims to be an overview of pain, its pathophy- 
siology and its assessment. Each chapter ıs short and easily 
readable: the first chapter on “History of pain relief’ is impressive, 


666 


Book reviews 


especially as ıt has such a forward-looking flavour to it. The 
second section ‘Pain by anatomic location’, addresses pain in 
terms of its symptom, e.g. ‘headache’ or ‘ear pain’. For the 
practising clinician this is invaluable. Again the chapters are 
concise, well written, and offer valuable advice to the clinician in 
the pain clinic. The third section ‘Common painful syndromes’, 
addresses pain in a more general fashion: ‘arthritis’, ‘cancer pain’, 
‘phantom limb pain’, ‘acute pain management’, ‘trauma’ etc. This 
section would also be invaluable for the practising clinician. The 
fourth section ‘Pain management’, addresses the pharmacology of 
pain with chapters on analgesic therapies, and has sections on 
injection therapies, physical measures, behavioural therapies, 
surgery, and general considerations on pain management. 
Various chapters in this section will be useful to different readers, 
but this reviewer found the overview on systemic analgesics to be 
very attractive especially with its use of patient examples. The two 
chapters on surgical approaches to pain are also excellent; and the 
section comprising four chapters on general considerations in pain 
management are useful. For example, the final chapter on ‘Legal 
aspects of pain management’ contains much valuable advice. 

It is likely that the second edition of Manual of Pain 
Management will make an important contribution to the 
development of pain medicine in the next few years. The editors 
have been successful in improving an established textbook and 
making the second edition relevant to current practice. I believe it 
would be useful as an introduction to this area, and also to 
practising clinicians looking for a handy reference text to use in 
the clinic. 

I. Power 
Edinburgh, UK 


Atlas of Common Pain Syndromes. S. W. Waldman. Published by 
W. B. Saunders, Philadelphia. Pp. 315; undexed; illustrated. Price 
£63.00. ISBN 0-7216-7577-8. 


The commonest problem seen in most pain clinics in the United 
Kingdom is low back pain, with or without leg pain. I was 
surprised therefore to find that neither back pain nor low back pain 
appear in the index of this book. Rather than common pain 
syndromes, this book deals with pain syndromes to which a name 
can be given, and usually describes a nerve block or some other 
invasive treatment that the author thinks appropriate for that 
diagnosis. For each diagnosis, the author gives a brief description 
of the clinical syndrome, the signs and symptoms, tests that can be 
done, the differential diagnosis, treatment, complications and 
‘clinical pearls’. No evidence is given for any of the material and 
there are no references. The word ‘Atlas’ in the title is rather 
misleading as many of the illustrations merely show a drawing of 
a patient in pain, sometimes accompanied by anatomical drawings 
that only show the area of the pain and add nothing to the 
understanding of the condition. 

The whole approach of the book is simplistic and pays no 
attention to the dramatic advances in our understanding of chronic 
pain and its management in the past 30 yr. The contribution of 
neurophysiology and pharmacology is almost totally ignored. The 
role of clinical psychology would appear to be almost non- 
existent. For almost every condition the author recommends a 
nerve block or some other type of invasive treatment. The concept 
that patients with chronic pain have a complex biopsychosocial 
problem is not part of the approach in this book. It seems that the 
author assumes that each patient has a diagnosable and under- 
standable cause for their pain. By addressing the supposed 
underlying cause, the patient will be cured. Sadly, this is far from 
the reality. Many patients coming to pain clinics cannot be given a 


meaningful diagnosis, only a descriptive one, which really only 
tells the patient what they know already, for example, low back 
pain, chronic daily headache, or phantom pain. The insights 
gained from the neurosciences have shown how complex many 
chronic pain syndromes are. Neural plasticity involving changes at 
the receptor, axon, spinal cord and brain occur in many conditions. 
It is now recognized that these changes and dysfunction within the 
nervous system are contributory factors in many pain syndromes. 
This has made many older treatments such as nerve blocks, 
especially destructive blocks, seem less relevant to most pain 
clinicians. The evidence for the effectiveness of many of these 
procedures is lacking, and there are many reports of patients being 
made worse by them. 

An example of the shortcomings might be in the chapter on 
phantom limb pain. The illustration shows a man sitting on a 
pavement, holding a begging bowl, with a sign saying ‘homeless 
lost job Vietnam vet’. There 1s an anatomical drawing of a pelvis 
showing the sciatic nerve. The author bnefly discusses the genesis 
of phantom pain, mentions the spinal cord, but no reference is 
made of other recent developments such as cortical remapping. He 
states that people born with congenitally absent limbs do not 
suffer phantom pain. This old notion has now been disproved. Pre- 
emptive analgesia 1s recommended, even though studies have 
shown that it is not effective. Other pain problems suffered by 
amputees such as stump pain and back pain are not mentioned. 
The author lists various forms of treatment, and states that they 
have been shown to be useful in the palliation of phantom lımb 
pain. No evidence or references are given for this optimistic 
statement. 

Another example might be the chapter on atypical facial pain 
which concentrates on the diagnoses which must be excluded, and 
states ‘the major pitfall when caring for patients thought to be 
suffering from atypical facial pain is the failure to accurately 
diagnose underlying pathology responsible for the patient’s pain’. 
This seems to ignore the fact that most patients coming to pain 
clinics with this diagnosis have been thoroughly investigated and 
the problem lies in their management not in the diagnosis. The 
treatment focuses on drugs and physical modalities such as oral 
orthotic devices and physical therapy. Nerve blocks are said to be 
of possible value. Psychological help receives only a brief 
mention. 

Pain medicine has come a long way since 1965 when 
Melzack and Wall proposed the Gate Control Theory. The 
complexity of the problem at a physiological, pharmacological 
and psychological level can be daunting, but we have to 
address this complexity. I do not feel that this book helps in 
this endeavour. 

W. A. Macrae 
Dundee, UK 


Heal the Pain, Comfort the Spirit. Dorene O’Hara. Published by 
University of Pennsylvania Press, Philadelphia. Pp. 237; indexed; 
illustrated. Price £14.00. ISBN 0-8122-1795-0. 


My impression of this book suggested that it would be of a 
spiritual nature, rather than pain related, due to its cover of blue 
and white fluffy clouds. In Heal the Pain, Comfort the Spirit 
Professor Dorene O’Hara examines the issues of the pain 
experience: the biology of painful injury, how it effects our 
minds and bodies, and the medical and physical therapies 
available. The emphasis of this book is on the overwhelming 
nature of chronic pain, and it ıs the author’s belief that 
‘comforting’ the mind will ‘heal’ the body. Hence, it has a strong 
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bias towards the psychological aspects of pain and its manage- 
ment. 

For the trainee anaesthetist or nurse practitioner interested in 
pain management, this book would be a useful reference 
providing an overview of chronic pain. This book also gives 
valuable insight into the pain process, detailing self-help 
strategies and the various methods of treatment available for 
the pain sufferer. 

The book consists of 10 chapters, with sections on sources 
(agencies), additional notes, and an extensive bibhography (20 
pages each). The text is easy to read and well referenced. 
Throughout, the author provides many examples of >pain patients, 
as well as examining contributions made by other clinical 
professionals and researchers to their management. 

Chapters one and eight, ‘How we think about pain’ and 
‘Stress, psychology and pain in the bodymind’, focus on the 
psychological issues of pain. The author examines the pain 
experiences learned from childhood and the initial response to 
injury, through to the cognitive behavioural mechanisms of 
chromic pain. The second chapter, ‘The treatment of pain: 
history and analysis’, is short, giving a brief overview of the 
evolution of pain, its treatment, and how multidisciplinary pain 
clinics were first established. 

The third chapter, ‘Pain as self-defence’, explores the biological 
and stress responses to painful stimuli or injury. The author 
discusses the various pain theories and the effects of pain on our 
circadian rhythms. ‘The vicious circle’ expands further on the 
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biological process and the social implications of managing 
chronic pain. 

Chapter five, ‘Pain complaints’, explains the importance of 
assessment and diagnosis Pain clinics offer patient management 
plans focusing on psychological techniques and alternative 
therapies In some cases, traditional treatments are recommended 
as in ‘just make it go away’. This chapter briefly describes the 
different pharmacological methods (NSAIDs, antidepressants, 
nerve blocks), for the management of acute and chronic pain. 
Chapters seven and nine, ‘It hurts so good’ and ‘Integrative 
medicine’, discuss the various physical or alternative therapies 
available for use in treating pain. i 

In chapter 10 ‘Putting it all together’ the author presents a 
selection of cases; some patients have been illustrated earlier in 
the text and they are used to demonstrate how a multidisciplinary 
clinic works. Case histories include post-herpetic neuralgia, low 
back and abdominal pains. 

In summary, this book is a resource for background information 
about chronic pain. Health professionals interested in working in 
this field would require more in-depth literature, as the reviewer 
learnt nothing new. Many chapters appeared similar and repetitive 
due to the psychological bias. Yet, for the pain sufferer, this 1s a 
pleasant self-help book. 


F. Ion 
Liverpool, UK 
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Erratum 





High-dose tinzaparin in pregnancy and the need for urgent delivery (BJA 2002; 89: 331-4) 


The corresponding author of this article was incorrectly marked as G. R. Lyons whereas it should have been S K. Backe. 


The publishers apologize for this error 
Dr Backe would also like to point out that his present address is now: 


Wansbeck General Hospital, Woodhorn Lane, Ashington NE63 9JJ, UK 
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Comparison of two Macintosh laryngoscope 
blades 
T. Asai, S. Matsumoto* and K. Shingu* 


Department of Anaesthesiology, Kansai Medical University, Moriguchi 
City, Osaka, 570-8507, Japan 


Sir Robert Macintosh stated that ‘the precise shape or curve of the 
blade does not seem to matter much’? and that ‘there is so little 
difference in the performances of the various blades’.” 
Nevertheless, two major types of Macintosh laryngoscope blades 
(standard and ‘English’ type (E type)) are available: compared 
with the standard blade, the length of the E type blade is longer, its 
curve is more continuous across the entire length of the blade, and 
the height of the blade flange is shorter. In addition, the flange of 
the E type blade continues close to the blade tip, whereas the 
flange of the standard blade ends more abruptly and further away 
from the tip. We felt that, compared with the standard blade, the E 
type blade might provide a better glottic view, and thus assessed 
the ease of laryngoscopy between the two Macintosh blades. 

We compared the two types of laryngoscope blades manufac- 
tured by Welch Allyn (NY, USA) in 300 patients, 116 males and 
184 females, mean age 49 (range: 18-82) yr, mean height 160 
(130-180) cm and mean weight 58 (33-94) kg. In a random cross- 
over design, after induction of general anaesthesia and neuro- 
muscular blockade, the two blades were inserted in turn ın each 
patient. The view of the glottis at laryngoscopy was graded 
according to Cormack and Lehane for each blade. The McNemar 
test was used to compare the incidence of difficult laryngoscopy 
(grade 3 or 4) between the two blades. P<0.05 was considered 
significant, 

There was no difference in the view of the glottis between the 
two laryngoscope blades in 220 of 300 patients, whereas there was 
a difference in the remaining 80 patients. Of these 80 patients, the 
view was better for the E type in 63 patients whereas the standard 
was better in the remaining 17 patients Laryngoscopy was 
difficult (grade 3 or 4) at least for one laryngoscope blade in 42 of 
300 patients (14%). Of these 42 patients, there was no difference 
in the grade between the two blades in 14 patients (33%), the view 
was better for the E type in 25 patients (60%), and the standard 
blade better in the remaining three patients (7%). The McNemar 
test showed that in patients in whom the laryngoscopy was 
difficult (grade 3 or 4), the view of the glottis was significantly 


better for the E type blade than for the standard blade (P<0.001). 
The 95% confidence interval for the possibility of the type E being 
better than the standard blade in patients with difficult laryngo- 
scopy was 45-74%. 

We have found that the type E laryngoscope blade provided a 
better glottic view significantly more frequently than the standard 
blade in patients in whom laryngoscopy was unexpectedly 
difficult. 


Keywords: intubation tracheal, difficult, equipment, 
laryngoscopes 
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Effect of repeated exposure on the incidence 
of adverse airway events during brief nasal 
inhalations of anaesthetics 

A. R. Wilkes, N. Raj* and J. E Hall* 


Department of Anaesthetics and Intensive Care Medicine, University of 
Wales College of Medicine, Cardof CF 14 4XN, UK 


We investigated whether the different levels of humidification 
provided by various breathing system filters affected the incidence 
of adverse airway events during bnef nasal inhalations of volatile 
anaesthetics. Twelve volunteers who had airways that responded 
adversely to 2 0 MAC desflurane were recruited. Each volunteer 
came to the laboratory on four separate occasions, once for each of 
the four anaesthetics: sevoflurane, halothane, 1soflurane and 
desflurane. The volunteer breathed nasally through a facemask 
attached to one of three different filters and, after 3 min, mhaled a 
single breath of 0.5. 1.0 or 2.0 MAC anaesthetic, in air. The 
volunteer then breathed air only until the expired MAC level was 
zero, before the next breath of anaesthetic. When all three levels 
of the anaesthetic had been inhaled once with each filter (nine 
breaths), each combination of anaesthetic level and filter was 
repeated twice more, each time in a different order. Although the 
filter used, and hence humidification level, was not a significant 
explanatory variable,’ further analysis has shown that repeated 
exposure was (Table 1). 

Repeated exposure to anaesthetics led to reduced uritancy to 
the airways even when the expired level of the anaesthetic was 
zero between breaths. This may be due to desensitization of, or the 
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Table 1 Number of breaths dung which an adverse airway event 
(reduction or cessation of mspiratory or expiratory flow or coughing) 
occurred. Summed for all humidification levels. Results from GLIM 
(Generalized Linear Interactive Modelling) logisuc regression analysis 
anaesthetic, P<0 001, anaesthetic level, P<0.001; humidification, P=0.09, 
‘repeat’, P<0 001 











Anaesthetic MAC Incidence of adverse airway events (n=36) Total 
level (n=108) 
First Second Third 
exposure exposure exposure 
Sevoflurane 05 4 1 2 7 
1.0 4 2 3 9 
2.0 8 7 5 20 
Halothane 05 6 2 3 l1 
10 6 5 3 14 
20 19 17 12 48 
Isoflurane 05 5 3 2 10 
10 6 6 4 16 
20 24 19 13 56 
Desflurane 05 6 5 5 16 
1.0 14 11 9 34 
2.0 34 28 27 89 


result of very low dose effect of anaesthetic on, the chemo- 
receptors in the upper airways. 


Acknowledgement: We gratefully acknowledge the funding 
provided by the Association of Anaesthetists of Great Britain 
and Ireland. 
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Comparison of the peak forces that can be 
exerted by multiple-use and single-use 
bougies in vitro 

A. R. Wilkes, I Hodzovic* and I P Latto* 


Department of Anaesthetics and Intensive Care Medicine, University of 
Wales College of Medicine, Cardiff CF 14 4XN, UK 


The multiple-use gum elastic bougie is widely used as an aid 
during difficult intubation.! However, it is difficult to ensure that 
the multiple-use bougie is cleaned adequately before re-use.” A 
single-use bougie ıs also available, but is less widely used. The 
single-use bougie appears to be stiffer than the multiple-use 
version. This might cause an increase in the risk of trauma to 
tissue during placement. The peak forces that could be exerted by 
the tips of the two types of bougies were therefore investigated in 
the laboratory. 

Five samples of both multiple-use (Eschmann Healthcare 
Tracheal Tube Introducer) and single-use bougies (Portex 
Tracheal Tube Introducer) were each held at four different 
positions (10, 20, 30 and 40 cm from the tip) and pressed three 
times onto a disc attached to a force transducer with a resolution 
of 0.1 N (Mecmesin PFI200N). A depression in the disc prevented 
the tip of the bougie from slipping as the bougie bent. The peak 
force was recorded for each test and the results from the two types 
of bougie were compared for each position using the Mann— 
Whitney U test. A P-value of <0.01 was considered significant 
because of the multiple comparisons. 


Table 2 Peak force (N) that could be exerted when pressing the multiple- 
use and single-use bougies against the force transducer when held at 
different distances 





Distance held Median peak force (N) [IQR] Mann-Whitney 
from tip n U test 

(cm) Multiple-use Single-use P-value 

10 4.4 [3 7-5 4] 10 8 [10.1-11.5] <0.0001 

20 1.7 [1 5-2.2] 4.8 [4 1-5 0} <0.0001 

30 09 [0 7-1.2] 2.3 [2.1-2 4] <0 0001 

40 0.4 [0 4-0 5] 12 [1.2-1 3] <0 0001 


The peak force that could be exerted on the disc at every 
position by the single-use bougies was two to three times greater 
than that which could be exerted by the multple-use bougies 
(Table 2). The peak force decreased with increasing distance from 
the tip. 

As the force exerted by the tip of the bougie is over a relatively 
small area, the peak pressure that could be applied to the tissue is 
considerable. This study suggests that the single-use bougie is 
more likely to cause trauma to tissue during placement. A recent 
in vitro study demonstrated that successful placement of the 
single-use bougie was much less likely than the multiple-use 
bougie.’ Although the contamination risk may be less, using the 
single-use bougie in place of the multiple-use bougie may cause 
an increase ın patient morbidity. 


Keywords: equipment, gum elastic bougie; mtubation tracheal 


References 
| Latto IP, Stacey M, Mecklenburgh JS, et al Anaesthesia 2002; 57: 379-84 
2 Cuprtt JM. Anaesthesia 2000; 55: 466-8 
3 Annamanent R, Hodzovic |, Wilkes AR, et al Eur J Anaesthesiol 2002; 19 
Al4l 


A clinical appraisal of the Bonfils Intubating 
Fibrescope 

M. Halligan*, B. Weldon* and P. Charters 

University Hospital Aintree, Longmoor Lane, Liverpool, UK 

The Bonfils Intubating Fibrescope is a rigid stylet-type laryngo- 
scope. It enables a tracheal tube to be advanced beyond the vocal 
cords under direct vision. Our aim was to confirm its use as safe, 
reliable and atraumatic. 

Sixteen patients requiring tracheal intubation for routine ENT 
surgery were recruited. All were ASA I or II and aged 17—64 yr. 
Exclusion criteria were a risk of aspirating gastric contents and 
inter-incisor distance <3 cm. One anaesthetist performed all the 
intubations. Patients were given midazolam 2 mg intravenously 
then preoxygenated for 3 mun. Next fentanyl 1 ug kg™', propofol 
2.5 mg kg™ and atracurium 0.5 mg kg™! were administered and 
after a further 3 mın, intubation attempted. If after a further 2 min 
there was no success an assistant performed a sustained jaw thrust. 
Three minutes was the maximum time allowed for a successful 
intubation and this was the primary outcome measure Secondary 
outcomes included tıme taken (including need for jaw thrust) and 
evidence of trauma as assessed by post intubation conventional 
direct laryngoscopy. Subjective difficulty was scored with rating 
scale (0-10) with relative contribution of patient versus instru- 
ment/user factors. 

Intubation was achieved ın all cases. Average time taken was 69 
(range 34-180) s Jaw thrust was used in 2/16. There was no 
evidence of traumatic intubation. The Graphical Representation of 
Instrumentation Difficulty (GRID) is a novel method for 
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Fig 1 Graphical representation of instrumentation difficulty with individual 
patients. 


representing difficulty in terms of time taken, rating score and 
relative patient vs instrument/user contribution (Fig. 1). 

These results suggest that the Bonfils Intubating Fibrescope can 
be useful when used for routine orotracheal intubations. Jaw thrust 
appeared to be a helpful manoeuvre. 


Acknowledgement: Karl Storz Endoscopy (UK) loaned the 
Bonfils Intubating Fibrescope. 
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BIS—cautionary interpretation of data in 
children 

M. S. Chawathe*, J. E. Hall*, J S Mecklenburgh and R. M Jones* 
University of Wales College of Medicine, Cardiff, UK 


Bispectral index or BIS is a processed EEG variable, derived from 
the EEG by a computer algorithm, scaled from 0-100, which 1s 
stated to reflect a patient’s state of hypnosis and responsiveness.’ 
Thus it claims to improve titration of anaesthetic agents and 
monutor risk of awareness. Expenence to date suggests that BIS 
monitoring in children and infants should provide similar benefits 
to those in adults.” However, validation of BIS may present more 
of a challenge in children compared to adults, because the EEG in 
infants and children changes as the brain matures. The aim of our 
study was to analyse the interpretation of the BIS data collected in 
a study for gaseous induction in 60 ASA I and H children 

In this preluminary work with BIS (using the Aspect 1000) we 
used data from a previous study of 60 ASA I-E children aged 5- 
10 yr undergoing gaseous induction with sevoflurane. BIS scores 
were measured preinduction, at loss of eyelash (LOE) reflex, at 
pupil size 2, and at 2 min and 4 min after LOE reflex. Regression 
analysis was used to determine any value of BIS in predicting 
heart rate and arterial pressure Mann-Whitney test was used to 
determine any difference in BIS between children experiencing 
apnoea or no apnoea. A P<0.05 was considered significant. 

Excessive range of values of BIS, from 75 to 8 at pupil size 2, 
was detected in this study (Fig. 2). At 2 min after LOE reflex some 
individual. values were as low as 5 and as high as 88, when the 
depth of anaesthesia should have approached stability in all 
children. The median BIS scores in the children with and without 
apnoea differed only by a non-significant 6%. There was no 
significant relationship between BIS values and heart rates and 
arterial pressures recorded at the corresponding time (R?=0.01 and 
0.09 respectively). Handedness of the individual and right- or left- 
sided placement of the BIS sensor were not noted during this 
study. 

We conclude that the algorithm deemed suitable for adults 
appears not to be suitable for use in children in this retrospective 
study. 
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Fig 2 BIS scores during stages of induction. 
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A preliminary CoMFA model for chemically 
diverse intravenous general anaesthetics 
J. C. Sewell and J W. Sear 


Nuffield Department of Anaesthetics, University of Oxford, John Radcliffe 
Hospital, Headington, Oxford OX3 9DU, UK 


We have previously demonstrated that molecular shape and 
electrostatic potential (a measure of charge distribution) are 
important determinants of activity in i.v. general anaesthetics.’ ? 
The aim of this study was to derive an activity model based on the 
spatial distribution of these molecular properties, using compara- 
tive molecular field analysis (CoMFA). 

A group of 14 chemically diverse i.v. general anaesthetics were 
considered. The free plasma concentrations (log ECso) that abolish 
movement to a noxious stimulus were obtained from the literature. 
The anaesthetics were divided into a traning set of nine 
compounds (eltanolone, minaxolone, Org 21465, pentobarbital, 
thiopental, methohexital, R-ketamine, propofol, chlormethiazole) 
used to formulate the activity model; and a test set of five agents 
(alphaxalone, thiamylal, Org 25435 (an alpha amino acid phenolic 
ester derivative), S-ketamine and R-etomidate) used to indepen- 
dently evaluate the model's predictability. 

Computer-based structures of the anaesthetics were generated, 
and low energy conformers identified using a random search 
(SYBYL 6.7, Tripos Inc.). The conformers were aligned so as to 
maxumnize their similarity in shape and electrostatic potential to 
the most active agent in the group, eltanolone. The conformers 
with the highest similarity, calculated as Carbo indices (ASP 3.22, 
Accelrys Inc.), were retained. The aligned conformers were placed 
ın a rectangular grid consisting of a lattice of points separated at 
1A intervals. The steric and electrostatic interaction energies 
between the aneesthetics and a probe atom (sp” carbon, +1 charge) 
at each grid point were evaluated, and correlated with in vive 
potency (SYBYL). Thus an activity model was formulated, based 
on the spatial distribution of steric and electrostatic features of the 
anaesthetic molecules. 

The final model explained 92.8% of the variance ın the 
observed activities of the training set compounds (n=9, P<0 001). 
The model accurately predicted the potencies of three of the five 
test set agents. Org 25435 predicted log ECsp=5.44 (observed log 
ECs=5.42), thiamylal 4.59 (4.81) and S-ketamine 5.28 (5.37). 
However, the model was less effective at predicting the activities 
of R-etomidate 5.08 (5.99) and alphaxalone 6 69 (5.06). Analysis 
of the relative contributions of the molecular properties at 


672P 


Proceedings of the Anaesthetic Research Society 


individual lattice poimts identified areas where the spatial 
distribution of molecular bulk and electrostatic potential are 
important in determining in vive potency 

The results demonstrate that a smgle CoMFA model with good 
predictability can be formulated for chemically diverse 1.v. 
general anaesthetics The mapping of the spatial arrangement of 
the key electrostatic and steric features enabled the denvation of a 
preliminary three-dimensional ‘pharmacophore’ for i.v. anaes- 
thetic activity. 


Acknowledgement: This work was supported by a project grant 
from the British Journal of Anaesthesia 
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Influence of fresh gas and circuit on 
induction of anaesthesia with sevoflurane 
C. L. Knaggs* and G B Drummond 


Department of Anaesthesia Crincal Care and Pain Medicine, Royal 
Infirmary, 51 Little France Crescent, Edinburgh EH16 4SA, UK 


Induction of anaesthesia with sevoflurane can be done with normal 
breathing using a low flow of oxygen as fresh gas.' Although this 
method maintains ventilation well, it must limit the rate of supply 
of anaesthetic to the patient. We studied the effects of different 
gas supply rates and circuits on inhalation induction 

Sevoflurane was used to induce anaesthesia ın otherwise 
healthy patients about to have gynaecological procedures. They 
were randomly allocated by sealed envelope to one of the 
following’ oxygen 3 litre min“ from a Bain circuit (group 3B), 
oxygen 6 litre min from a Bain circuit (group 6B), or oxygen 9 
litre min™’ from a Magill circuit (group 9M). We gave the 
sevoflurane by doubling the concentration from 0.5%, every three 
breaths, to 8%, and then maintaining that fresh gas concentration 
until loss of consciousness. The patient held her arm up at about 
45° during induction We measured the tme from first giving 8% 
to the time for the arm to come down to the homzontal, as the 
induction tıme. We measured the concentration of sevoflurane and 
carbon dioxide in the gas in the mask, and respired flow, and 
recorded these with an AD converter and computer. We calculated 
the best-fit polynomial to give an end-tidal sevoflurane concentra- 
tion/tume plot for the three groups. We compared the end-tidal 
concentrations at 30 s and the tıme to induction ın the three groups 
by ANOVA and post hoc Bonferroni tests. Values are median 
(quartiles). 

We asked 52 suitable patients to participate and 39 agreed. Of 

_ these, 37 were studied and 35 yielded adequate data. No patient 
had hypoxaenua or other adverse events. Table 3 shows the 
results. 

There was no significant difference between induction times, 
although the sevoflurane concentration at 30 s was significantly 
less in the low flow group (P<0.001). End-tidal carbon dioxide 
was significantly less with the Magill circuit and 9 litre min’. We 
conclude that rebreathing may assist inhalation induction of 
anaesthesia 


Keywords: induction, anaesthesia; anaesthetic techniques, 
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Table 3 Study parameters durmg induction with sevoflurane in three 
different groups 





Group 3B Group 6B Group 9M 

(n=14) (n=11) (n=10) 
Tıme to induction (s) 64 (47-92) 48 (43-66) 57 (42-72) 
End-tidal sevoflurane at 30s % 20(18-24) 30(28-32) 30 (27-33) 
End-tidal carbon dioxide (kPa) 55 (50-59) 48 (46-52) 42 (846) 


Influence of oxygen therapy on heart rate 
after abdominal surgery 
T. P. Banerjee*, A F Nimmo and G B. Drummond 


Department of Anaesthesia Critical Care and Pain Medicine, Royal 
Infirmary, 51 Little France Crescent, Edinburgh EHI6 4S4, UK 


In patients after major abdominal surgery, oxygen treatment has 
been reported to reduce heart rate, but the change ın heart rate did 
not appear to correlate with the change in oxygen saturation.' 

We were able to assess this effect ın the course of analysis of 
data from a study comparing oxygenation at night ın patients 
randomly allocated to receive epidural or patient-controlled 
analgesia (PCA). Patients were given oxygen or air by nasal 
cannula for alternate hours, for 6h for the first two nights after 
surgery We continuously recorded the ECG, and oxygen 
saturation with a finger probe pulse oximeter (Ohmeda 3400) 
using commercial software (Cardas) We used the ‘rate’ output 
from the oximeter, and excluded periods of artefact from both 
recordings, when the pulse records did not correspond with the 
ECG record and when the oximeter pulse wave was erratic We 
recorded the mean heart rate in the last 40 min of each hour of 
treatment. We related the change ın heart rate and change in 
oxygen saturation for each change in inspired gas. Patients who 
did not achieve satisfactory oxygen saturation while breathing air 
were automatically given oxygen so full records were not 
available in all cases. One patient was converted from epidural 
to PCA for the second night. 

We had records available for 18 patients. Table 4 summarizes 
the results. 

Oxygenation was more satisfactory on the first might, and the 
effects of oxygen on oxygen saturation were more clear-cut. There 
was no significant change ın heart rate, either in the groups 
receiving epidural or PCA for analgesia, or overall 

We conclude that there is no evidence, in these patients, that 
oxygen administration affects heart rate 


Acknowledgement: The original study was funded by the 
Scottish Hospitals Endowment Trust. 
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Table 4 Mean (SD) changes ın all the eligible subjects (7 epidural, 11 
PCA), for the five changes from one inspired gas to the other 








Epidural PCA 

Night i Night2 Night] Night 2 
Change in oxygen saturation (%) 4(28) 23(27) 25(2) 23(25) 
Change in heart rate (beats mm) O(15) O(12) 003 -1014) 
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Haemodynamic effects of the prone position 
for spinal surgery: TIVA versus inhalation 
anaesthesia 

P. S. Sudheer*, B Ateleanu*, J E Hall*, S. W. Logan* and M Harmer 


Department of Anaesthencs, Universtry Hospital of Wales, Cardiff 
CF14 4XN, UK 


Recently, total intravenous anaesthesia (TIVA) using propofol has 
become a widely used anaesthetic technique. Recent work has 
suggested inhalation anaesthesia is associated with improved 
cardiovascular stability compared with propofol anaesthesia.’ In 
the prone position, cardiac output (CO) is decreased because of 
decreased preload.” There are no data ın the literature describing 
the influence of intravenous anaesthesia on haemodynamic 
stability in the prone position.? Consequently, a study was 
designed to ascertain relative cardiovascular stabilities of these 
two techniques in prone patents. 

Forty patients aged 18-75 yr having lumbar spinal surgery were 
recruited. Patients were randomized to receive either propofol 
TIVA or INH anaesthesia using isoflurane together with fentanyl, 
morphine and vecuronium. The lungs were ventilated with tidal 
volumes of 7-10 ml kg”, respiratory rate of 8-12 bpm, PEEP=0, 
to maintain a PE’co, of 4.5-5 kPa. We measured the CO, our 
primary variable, using the NICO monitor. NICO calculates the 
CO using the technique of ‘differential Fick partial rebreathing’. 
The NICO also calculates the stroke volume and systemic 
vascular resistance. We also measured the mean arterial pressure 
and heart rate. - 


A two-way ANOVA performed on haemodynamic variables - 


showed CO to be significantly more stable with inhalation than 
TIVA anaesthesia during patient rotation (Table 5). 


Table 5 Haemodynamic changes on changing body position in 
anaesthetized patients Walues are given as mean (SD) 








Changes (%) Supine to prone Prone to supine 
Inhalation TIVA Inhalation TIVA 
Cardiac output —12 (10) -23 (9) 18 (15) 29 (21) 
Mean artenal pressure —4 (12) 8 (25) 11 (21) . -9 (11) 
Heart rate 2 (10) 3 (8) 12 (22) 12 (17) 
SVR 15 (38) 40 (55) —4 (21) —10 (22) 


We conclude that inhalation anaesthesia using isoflurane is 
more cardiovascularly stable than propofol TIVA when patients 
are turned prone and when they are turned supine again. We 
cannot exclude changes ın pulmonary haemodynamics on moving 
to the prone position as the cause of these findings. 
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Comparison of flow guided versus 
conventional volume replacement in major 
elective surgery 

S. M. Lowson* 


Department of Anesthesiology, Unversity of Virginia Health System, 
Charlottesville, Virginia, USA 


Twenty-four patients scheduled for either nephrectomy or 
radical cystectomy were consecutively enrolled into the study. 
Exclusion criteria were current history of angina, significant 
chronic lung disease, morbid obesity, significant psychiatric 
history, and the need for more extensive surgery. All patients 
had an arterial line and thoracic epidural placed pror to 
induction of anaesthesia, and received a standardized anaes- 
thetic consisting of a sufentanil infusion supplemented by an 
inhalation agent and neuromuscular relaxation. In the inter- 
vention group, the NICO, cardiac output monitor (Novametrix) 
was used to guide perioperative volume replacement The goal 
was to maintain the cardiac index above 3 litre min! m”? 
throughout the case with either volume replacement or a 
dobutamine infusion 1f volume failed. In the control group, 
arterial pressure, heart rate and, where possible, urine output 
were used to guide resuscitative efforts. In both groups, the 
haemoglobin was maintained between 9 and 11 g di! with 
packed red cell transfusions. Between group statıstical 
comparisons were performed using the unpaired Student’s t- 
test. 

The NICCO, monitor performed reliably in all cases and no 
patient was excluded because of failure of the device to 
provide consistent recordings. There was no difference in mean 
age between the NICO, (65 yr) and the control (57 yr) groups. 
The two outcome variables in which we were interested were 
speed of recovery of gastrointestinal function, as measured by 
the time to tolerating a soft diet, and time to hospital 
discharge Overall, the difference in the times to diet toleration 
(84 vs 113 h) and hospital discharge (5.1 vs 6.6 days) in the 
NICO, (n=12) vs control (n=12) group were not significantly 
different. Hawever, examining the radical cystectomy patients 
separately (7=12) showed the time to diet toleration (123 vs 
176 h) and hospital discharge (6.8 vs 9.3 days) was 
significantly different (P<0.05) between the NICO, vs control 
group. In contrast, in the nephrectomy patients (m=12) there 
was no difference in either time to diet toleration (46 vs 50 h) 
or hospital discharge (3.5 vs 3.8 days) between the NICO, vs 
control group. The mean duration of surgery was 9.0h for a 
radical cystectomy vs 4.4h for a nephrectomy (P<0.01), and 
the mean difference in intraoperative volume replacement was 
15 vs 7.3 litres (P<0 01). 

In summary, use of flow guided therapy to guide 
intraoperative resuscitative efforts significantly reduced the 
tıme to recovery of gastrointestinal function and hospital stay 
ın patients undergoing extensive procedures associated with 
major intraoperative fluid shifts but it did not alter the hospital 
course of patients undergoing bmefer and less extensive 
surgical resections. 


Acknowledgement: 
Wallingford, CT, USA. 
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Fluid replacement during Picolax® bowel 
preparation: the consequences for 
anaesthesia 


S T A. Vaughan*, A. MacKillop*, J M Fryer*, A S. Laurence and 
S Forshawt 


Department of Anaesthetics. Preston, UK 

Picolax® contains magnesium citrate, which acts as an osmotic 
laxative and sodium picosulphate, which decreases water and 
electrolyte absorption while increasing colonic motility. When 
used for preoperative bowel preparation, it can result in 
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dehydration with consequent difficulties during anaesthesia ! 
Administration of preoperative fluid has been shown to mitigate 
ths ? We investigated whether this would umprove the stability of 
anaesthesia. 

Fifty patients ASA I to W, presenting for major surgery 
necessitating bowel preparation were studied. Patients were 
weighed prior to administration of bowel preparation and again 
on the morning of surgery. All patients were premedicated with 
temazepam 20 mg and metoclopamide 10 mg orally. Patients were 
randomized after recruitment to control, or an intravenous 
preoperative fluid load of 2 litres of normal saline given on the 
night before surgery. A radial artery catheter was sited pror to 
induction of anaesthesia using thiopental to loss of eyelash reflex 
and vecuronium 0.1 mg kg’, given by an anaesthetist blind to the 
patient group Patients were monitored for change ın arterial 
pressure after induction and prior to intubation. Vasopressors were 
given, on the clinical judgement of the blinded anaesthetist. 
Intraoperative blood loss, fluid requirements and urine output 
were noted. 

As expected, weight loss due to bowel preparation was 
significantly less in the fluid group (Table 6) Mean artenal 
pressure drop during induction did not reach statistical signifi- 
cance but the fall of systolic arterial pressure was highly 
significant between groups, as was the number of patients needing 
vasopressors during induction Despite the use of similar fluid 
volumes during surgery, mtraoperative urme output was sig- 
nificantly greater in the fluid group. Thiopental dose, duration of 
surgery and blood loss were similar ın both groups. 


Table 6 Weight loss and intraoperative variables. Values are median 
(range) *P<0.01 (Mann-Whitney), **P<0.01 (Chi squared) 


Control Fluid group 
(n=25) (n=25) 
Weight change (kg) -15 (32 t025) ? 06-15 to 1) 
Systolic arterial pressure (mm Hg) —44 (-87 to —17) t -31 (80 to 10) 
Mean arterial pressure (mm Hg) -22 (-54 to 3) ns -15 (49 to 15) 


Number given vasopressor 10 *+ 0 
Volume intraoperative fluids (litre) 4 (1 5-7 3) ns 3.5 (2 1-7.3) 
Urne output (ml) 150 (0-600) T 312 (90-870) 


Our study confirms that Picolax® causes preoperative dehydra- 
tion, which exaggerates the hypotensive effects of anaesthetic 
induction agents. This can be offset by the administration of 
preoperative crystalloid, which also improves perioperative unne 
production. Administration of preoperative intravenous fluids 
could be of benefit to patients receiving Picolax® bowel 
preparation. 
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Correlation between theoretical toxic dose of 
a mixture of local anaesthetics and 
complication rate in patients undergoing 
brachial plexus block: a prospective analysis 
of 571 cases 

R. V. Martin*, P Smuith* and S. K. Pal 


St Andrew's Centre for Plastic Surgery and Burns, Broomfield Hospital, 
Chelmsford, Essex CM1 7ET, UK 


It is common practice at St Andrew’s Centre to perform 
axillary brachial plexus blocks in patients undergoing hand 
surgery. We employ a transarterial approach with a two-point 
injection technique. In an adult we use a mixture of 30ml of 
1% lidocaine and 20ml of 0.5% bupivacaine with epinephnne 
1:200000. The maximum safe dose of lidocaine with 
epinephnne is 7 mg kg? and that for bupivacaine’ with or 
without epinephrine is 2 mg kg. However, there are few 
references in the literature to the maximum safe dose of a 
mixture of local anaesthetics 7 

We would like to introduce the concept of a Theoretical Toxic 
Dose Index (TTDI) It 1s the dose of lidocaine (mg kg) divided 
by 7 plus the dose of bupivacaine (mg kg”) divided by 2. A safe 
index would be <1 

The data of 571 patients undergoing brachial plexus block 
were analysed Any complications were recorded The TTDI 
were calculated and correlated with rate of complications 
attributable to local anaesthetics The results are shown ın 
Table 7. Our overall success rate for the block was 87% for 
all grades of anaesthetists, msing to 95% with local anaesthetic 
supplementation. When the TTDI data were categonzed (0-0.5, 
05-10; 1.0-1.5; 1.5-2.0) it was found that the proportion of 
complication increased (linear regression, n=4, P=0 06) with a 
high predictability (r7=0.88). 


Table 7 Relationship of TTDI with success and complication rates 


Success Success Complication 
TTDI Total rate with LA Complication rate 
(%) (%) 
<l 83 82 91 1 12 
10-15 436 88 97 6 14 
>15 52 90 96 1 19 
Total 571 87 95 8 14 


We conclude that in our series of patients our current 
practice 1s associated with a good success rate and low number 
of complications The complications were minor and occurred 
at the time of injection. It would be prudent to obtain more 
data on the relationship between TTDI and complication. 


Keywords: anaesthetics local, anaesthetic techniques, regional, 
brachial plexus 
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Evaluation of personal, environmental and 
biological exposure of paediatric anaesthetists 
to sevoflurane 

N. Raj*, K A Henderson*, J E. Hall*, B Willams* and M Harmer 


Department of Anaesthetics and Intensive Care Medicine, University of 
Wales College of Medicine, Cardiff CF 14 4XN, UK 


Paediatric anaesthetists have a higher degree of exposure than 
adult anaesthetists to waste anaesthetic gases especially during 
induction! and in non-theatre venues 7 This study mvestigated the 
acute exposure of paediatric anaesthetists ın theatre and other 
venues to sevoflurane and any association between the exposure 
and anaesthetic technique. Five lists each in four venues were 
targeted MRI Suite, Day Surgery Unit, Oncology Unıt and Dental 
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Theatre. Blood samples were collected at baseline and immedi- 
ately following each induction throughout each list. All samples 
were measured using headspace analysis by gas chromatography 
and the concentration in blood calculated. A note was made of 
type of induction, airway management, circuit used and presence 
or absence of scavenging. 

The exposure indices for blood sevoflurane were generally very 
low in all venues and did not exceed‘the Time Weighted Average 
lmit of 20 ppm set by Abbot. Unpaired t-test with Bonferroni 
correction was applied to determine if there was any significant 
relationship between blood sevoflurane levels and the type of 
induction technique, arway control, breathing system or scaven- 
ging used (Table 8). Induction type and airway control made no 
difference to blood sevoflurane level, whereas predictably, 
breathing system type and presence of scavenging did have a 
significant effect (P<0.001). 
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Thigh rotation and the anterior approach to 
the sciatic nerve; an MRI study 

. C. S. Moore, J. A W Wildsmith and D E. Sheppard* 
University Department of Anaesthesia, Ninewells Hospital, Dundee, UK 


The anterior approach to the sciatic nerve block may be associated 
with a high failure rate because the nerve lies posterior to the 
lesser trochanter of the femur at the level of needle insertion. ' 
However, previous work using cadavers” ? demonstrated that 
internal rotation of the leg renders the nerve more accessible to the 
anterior approach. We wished to examune this relationship ın vivo 

After ethics committee approval, five male and five female 
volunteers consented to undergo magnetic resonance imaging. A 
vitamin E marker was placed on the surface where a needle would 
have been inserted for an anterior approach to the sciatic nerve.* 
Three scans were then performed, one with both legs in the neutral 
position, the next with maxinial bilateral internal rotation at the 
hip and the third with maximal bilateral external rotation at the 
hip. The scans were then examined with a consultant radiologist. 
The line of sight from the insertion point to the sciatic nerve was 
examined, and the distance from the skin to the nerve measured, 
as were the distances from the line of sight to both the femoral 
artery and nerve 


Table 9 Results are given as numbers (out of 10) or mean distances (mm) 
LOS=hne of sight 














Position 
External Neutral Internal 
rotation position rotation 
Left Right Left Right Left Right 
Direct LOS to sciatic nt 0 6 6 9 8 
Direct LOS through 
fem art 3 0 3 T 1 0 
Direct LOS through 
fem n. 4 4 1 0 1 1 
Distance from skin to 
sciatic n 106 108 107 106 109 109 
Distance from LOS to 
fem art 7 10 10 11 13 14 
Distance from LOS to 
fem n. 5 5 5 4 8 8 


The mean age was 30 (range 21-44) yr and the mean body mass 
index was 24 (19.5—28). Other results are shown in Table 9. 

These results confirm that, as the thigh is moved from an 
externally to an internally rotated position, the sciatic nerve 
becomes more accessible by the anterior approach, and the risk of 
femoral artery or nerve puncture 1s reduced, but not eliminated. 
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TNFa cleaving enzyme (TACE) activity 
assessed by TIMP-3 binding 
H. J. Robertshaw* and F M Brennan* 


Kennedy Institute of Rheumatology Division, Imperial College School of 
Medicine, 1 Aspenlea Road, London W6 8LH, UK 


Circulating soluble tumour necrosis factor œ (TNFa) is formed by 
the cleavage of membrane-bound TNFa by a membrane-bound 
metalloproteinase (TNFa cleaving enzyme, TACE).' The natural 
inhibitor of TACE, tissue inhibitor of metalloproteinase-3 (TIMP- 


Table 8 Blood sevoflurane levels expressed by induction technique for all staff at every induction, for each venue and percentage of technique used at 
each site Mean (SD) ppm for total cases and mean [range] ppm per list. [V=mntravenous, [H=inhalational induction, LMA‘=Laryngeal Mask Amway, 
ETT=tracheal tube, Other breathing system=circle or scavenged Baine *P<0.001. (‘LMA is the property of Intavent Limited) 








Blood Percentage technique used 

sevoflurane 

(all staff) MRI suite Day surgery Oncology Dental 

(ppm) (r=5) (n=5) (n=5) (n=5) 
Induction (IV.IH) 3 (3) 3 8) 37%: 63% 47% 53% 45%: 55% 94%: 6% 
Airway control (Mask: LMA/ETT) 3 (3) 3 (3) 0% 100% 42% 58% 100%:0% 0%. 100% 
System used (T piece other) 5 (3) 15 G)* 100% 0% 649%. 36% 11%. 89% 0%: 100% 
Scavenging (present:absent) 15 (3): 4.5 @)* 0%. 100% 36%" 64% 89% 11% 100%: 0% 
Blood sevoflurane each venue 46 [1-10] 42 [0-10] 28 [0-13] 14 [0-13] 
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3), has been shown to bind selectively to active TACE on the cell 
surface and the inhibitory activity of TIMP-3 lies within the N- 
terminus.” We used these properties of TIMP-3 to develop an 
assay for TACE catalytic activity using flow cytometry and so 
examine TACE activity following cell stimulation. 

Elutriated human monocytes (1X10° cells well™!) were 
stimulated with lipopolysaccharide (LPS 10 ngm’) and 
harvested at hme points shown. At harvest, m one group TACE 
surface protein expression was measured by flow cytometry (using 
optimized antibody combination). To the other group, histidine- 
labelled N-TIMP-3 was added and detected by flow cytometry 
using anti-histidine antibodies. Flow cytometry data are expressed 
as mean fluorescence intensity (MFI) +sD from seven experi- 
ments (10000 cells in each experiment). 

Upon LPS stimulation, TACE was rapidly lost from the cell 
surface (Fig. 3a), confirming previous work which examined 
TACE using confocal microscopy. This protein down-regulation 
at the cell surface coincides with maximal catalytic activity (Fig. 
3B). These findings support the hypothesis that inactive TACE is 
expressed on the cell surface and then rapidly removed from the 
cell surface following cell activation. 


Acknowledgement: This work was funded by a grant from the 
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Respiratory monitoring of non-intubated 
patients using the ‘PIPPA’ breathing monitor 
D. Sankar* and K J Kin* 

Rochdale Health Care NHS Trust, Rochdale Infirmary, Rochdale, UK 


Increasingly, with the development of newer protocols in clinical 
practice, there ıs a need for monitoring respiration. The most 
commonly used technique for this purpose is human observation. 
Capnography and, changes in transthoracic impedance are 
potential alternatives but have not found widespread acceptance. 
With capnography a nasal cannula is required, the equipment is 
expensive and cuimbersome and regular calibration ıs needed. In 
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contrast, transthoracic impedance changes are extremely sensitive 
to patient movement, demonstrate slow response times and do not 
recognize apnoea rapidly enough. Human observation of large 
numbers of patients is a near impossible task. 

In 1999 a new simple respiratory rate monitor based on the 
pyroelectric polymer sensor (PEP) was described and evaluated.' 
It was concluded that, in the laboratory, the PEP sensor performed 
well and appeared to have many desirable features If these 
advantages were maintained in a clinical setting such a system 
would compare favourably with existing methods and may be 
valuable in cases of acute illness, major injury and perioperative 
care. 

We received on loan a prototype of the PIPPA Breathing 
Monitor. After approval of the local ethics committee and the 
medical devices agency, we chose to study four groups of patients 
as follows: a control group, patients receiving supplemental 
oxygen therapy, patients receiving nebulized medication and 
patients receiving humidified oxygen treatment. The measure- 
ments made by the PIPPA were compared with those obtained 
simultaneously by the use of transthoracic impedance from the 
ECG monitor and human observation by nurses as part of their 
regular monitoring. The target number of patients ın each group is 
50. The results are only being presented for the control group and 
the nebulized medication group as the others are not yet complete 
Results are summarized in Table 10. The PIPPA monitor 
correlates well with both human observation and transthoracic 


impedance. 
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Table 10 Coefficient of correlation between PIPPA and the ECG monitor 
(ri), between PIPPA and the nurse observer (r2) and between ECG 
monitor and nurse observer (13) 





Number Number 
Group of patients of observations ri r2 ë r3 
Control 50 100 0.73 0.91 075 
Nebulized medication 50 241 084 090 085 
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Time (h) 


Fig 3 Time course of TACE protein (A) and TACE activity (B) in LPS-stimulated monocytes. 
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Actigraphic measurements of sleep variables 
and circadian rhythm in chronic pain 
patients compared with healthy controls 

M. Schupp*, N. A. Hall*, P. Sharpe and D. J. Rowbotham 


University of Leicester and University Hospitals of Leicester NHS Trust, 
Leicester, UK 


Sleep disturbance is a significant problem for chromic pain 
patients. Furthermore insomnia may indicate severity of chronic 
pain symptoms and psychological disturbance.! Actigraphy 1s the 
study of sleep via movement using a wristwatch containing a 
small accelerometer and data logger which is worn on the 
patient’s non-dominant arm. Frequency and amplitude of move- 
ment are logged at 1-min intervals throughout the observation 
period. Data are processed using Actiwatch Sleepwatch software 
(Cambndge Neurotechnology®). It may be worn for several 
weeks at a time. It monitors sleep in the home environment, 
reducing the impact of ‘first-mght’ effects seen in laboratory 
assessments of sleep. 

We used a combination of sleep diaries and activity monitoring 
(actigraphy) to assess the presence and magnitude of sleep 
disturbance in the patient groups. We studied 21 adult subjects, 
eight volunteers without any symptoms of chronic pain and 13 
patients from the pain climc. Following written informed consent 
they were asked to wear the monitor for a 2-week period and 
complete a daily sleep diary. 

The watch was well tolerated in all groups. There were no 
differences ın actual sleep tıme, sleep efficiency or sleep bouts. 
Fragmentation ındex score was significantly higher in the chronic 
pain group (P<0.001). Measures of circadian rhythm such as 
intradaily stability, ıntradaily variability and relative amplitude 
were measured with conventional sleep variables and were similar 
between groups. Data were analysed using SPSS v11.0. Sleep 
variables were analysed with Student’s t-test and circadian rhythm 
with Mann-Whitney U test. 

The fragmentation index 1s the addition of the percentage time 
spent moving and the percentage of immobility phases of 1 min, 
this is used as an indicator of restlessness The fragmentation 
index scores were significantly higher in the pain group whilst 
other sleep variables remained the same (Table 11). It is possible 
that this index may relate to quality of sleep; however, more work 
is required to validate this thoroughly. 
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Table 11 Actual sleep time (min), actual sleep (%), sleep bouts and 
fragmentation index (mean (SD)) 





Control Pain P (Student’s) 
AST (min) 387 8 (60 36) 386 0 (100 25) 096 
AS (%) 90 69 (4 84) 81.10 (18.05) 016 
SB 19 55 (8.44) 29 72 (20 26) 019 
FI 25 89 (8 87) 59.21 (21 26) 0001 


Change in snoring as a predictive factor for 
pre-eclampsia 
M. Dolling*, P. Sharpe and C. D. Hanning 


University Department of Anaesthesia, Critical Care and Pain 
Management, University Hospitals of Leicester, Leicester Royal Infirmary, 
Leicester LE] SWW, UK 


The amount and quality of sleep changes with pregnancy.’ There 
is growing evidence of a link between snoring, sleep disordered 
breathing and pre-eclampsia.” Pre-eclampsia 1s a major cause of 
maternal and neonatal morbidity and mortality? 

Patients were approached within 24h of delivery and asked to 
complete a simple questionnaire, with the aid of a research 
midwife. The questionnaire was used to record demographic data 
(including date of birth, ethnicity, smoking history, alcohol and 
illicit drug consumption), previous medical and relevant family 
history, obstetric history, and sleep history (focusing on snoring, 
change in snoring, witnessed apnoeas, Epworth sleepiness score) 
and clinical data from case records. 

Data were collected from 609 patients of whom 53 had 
proteinuric hypertension and were treated by the obstetricians as 
suffering from pre-eclampsia. 

Several sleep-related variables were significantly different in 
the pre-eclamptic group (Table 12). Logistic regression analysis 
was employed and demonstrated a highly significant correlation 
between worsening snoring during pregnancy and pre-eclampsia. 
A prospective study ıs required to demonstrate the presence of 
upper airways resistance syndrome in this group of patients and 
subsequently measure any beneficial effects of continuous positive 
airway pressure therapy. 


Table 12 Incicence of snoring in different groups 


Proteinuric 


Normal Hypertension hypertension P value 


New snoring in pregnancy 


No 5 11 <0 001 
Sometimes 208 4 17 
Often 97 2 12 
Nightly 44 5 13 

Snoring worse during 

pregnancy 
Yes 116 5 25 001 
No 168 4 13 

Epworth sleepiness score 
9 or less 344 9 24 002 
10 or more 175 7 27 
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Effect of remifentanil on postoperative pain 
in patients having fentanyl—propofol 
anaesthesia for cardiac surgery 

K. Ranf*, A. Vohra, P Fernandez-Jimenez*, M Forrest* and N O’Keeffe* 
Department of Anaesthesia, Manchester Royal Infirmary, Manchester, UK 


Remufentanil ıs an ultra-short acting opioid. During anaesthesia it 
provides intense analgesia and sympatholysis that is ideal for 
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cardiac surgery.’ Postoperative agitation and increased analgesic - 
requirement after remifentanil infusion may be a problem. Studies’ 


in non-cardiac surgery have shown mixed results.'? This 
prospective double-blind randomized study assesses the effect of 
remifentanil on postoperative recovery expressed as increased 
analgesic requirement after off-pump coronary artery bypass 
surgery (OPCAB). 

Twenty patients undergoing elective OPCAB were randomly 
assigned to receive infusions of remufentaml (50pgml! at 
0.12ml kg’ h”=0.1 ug kg min“) (group R, n=10); or saline 
(at 0.12ml kg? h’) (group S, n=10). Anaesthesia was 
standardized with target controlled propofol infusion (1 8— 
4ugml-') and fentanyl (15ug kg‘). After surgery, propofol 
(1.5-3 mg kg™ hr’) and the study solution were continued until 
the patient was ready to be woken up (warm and cardiovascularly 
stable). Morphine infusion (0.015-0.02 mg kg!) was also started 
immediately after operation with additional boluses (1-2 mg) as 
assessed by pain scores (VAS 0-10). Morphine requirements were 
noted as total morphine before stopping sedation (Mpre), 
morphine in the first hour after stopping sedation (M1) and total 
morphine in 12 postoperative hours (M12). Patient data including 
height, weight, duration of surgery (op time) and of sedation (sedn 
time) were recorded. Student’s t-test and Mann—Whitney U test 
were used for data analysis (*P<0.05 significance level). 

In the first hour after discontinuing sedation, morphine 
requirement was higher in group R as compared to group S, but 
similar in the period till sedation was stopped and in 12h after 
surgery. There was no difference ın pain scores (median (range) 
R=5 (2-9), S=3 (0-7)). Table 13 shows mean (SD). 

We conclude that remifentanil infusion is associated with an 
increased requirement of morphine in the first hour after 
discontinuation, in spite of preloading by fentanyl. 


Keywords: analgesics opioid, remifentanil; surgery, 
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Table 13 Morphine requirement ın the two groups 





Op time Sed time Mpre M1 M12 

(min) (min) (mg) (mg) (mg) 
GroupR 19% (53) 264 (97) 9.3 (2.6) 8.15 (3.6)* 27.1 (8.3) 
Group S 198 (35) 226 (91) 8.7 (3.3) 329(23)* 24.0 (6.3) 


Urgency of Caesarean section, time to 
delivery and fetal outcome: a prospective 
observational study 

N. Patel*, R Fernando and V Sodhi 

Department of Anaesthesia, Royal Free Hospital, London NW3 2QG, UK 


Although the urgency of Caesarean section (CS) has recently been 
classified,’ its relationship with fetal outcome is unclear. Our aim 
was to identify any association between the grade of urgency and 
markers of fetal condition at birth such as Apgar scores and 
umbilical cord arterial (UA) and venous (Uv) blood gases. The 
influence of the time interval taken to establish regional 
anaesthesia (RA) as well as surgical delivery times were also 
assessed. 

This prospective observational study was conducted in our 
unit over a 4-month period, collecting data from 203 
consecutive CSs performed under regional anaesthesia. Data 
included: grade of CS (1, Emergency; 2, Urgent; 3, Scheduled; 
4, Elective), type of RA technique (spinal or epidural top up 
of a pre-existing labour epidural), RA injection to T4 sensory 
block time, injection to knife-to-skin (KTS) time, KTS to 
delivery time, uterine incision (UI) to delivery time, Apgar 
scores at 1 and 5 min, umbilical cord pH, [H*] and base 
excess. Statistical analysis included a modified Levene equal 
variance test, analysis of covariance (ANCOVA) and linear trend 
analysis using a general linear model (P<0.05). RA technique 
was analysed on an intention to treat basis. 

Age, height, weight, gestation and panty did not differ 
between groups. There were two conversions to general 
anaesthesia after failed RA: one pre-delivery and one post- 
delivery. 

Apgar score at 1 min improved significantly, as did Uv pH 
and [H*] with reducing urgency of CS (1 to 4) (Table 14). A 
corresponding trend for UA pH and [H*] was not identified. 
The significantly longer times to T4 block and KTS with 
reducing CS urgency were not confounding variables in terms 
of fetal outcome measures. Further verification with larger 
patient numbers ıs required. 
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Table 14 Data are number (n), mean (SD) or median [IQR], *P<0 001, **P<0.0001 (linear trend) 





Grade 1 Grade 2 Grade 3 Grade 4 

(n=18) (n=83) (n=19) (n=83) 
Spinal/Epidural Topup (n) 9/9 28/55 14/5 80/3 
Injection to T4 block (min) 7 50 (2.31) 12.68 (6 95) 10 89 (5 92) 12.16 (6 56)* 
Injection to KTS (min) 12.17 (6.40) 21.55 (10.39) 22,21 (9 10) 26 30 (10.27)** 
KTS to delivery (min) 7.50 (4.73) 9.14 (6 37) 11.21 (6.48) 10.13 (7 68) 
UI to delivery (min) 3.12 (3 66) 2.23 (1.86) 2 50 (1 47) 201 (1 20) 
Apgar 1 min 8.5 [5.25-9] 9 [8-9] 9 [8-9] 9 [9-9]** 
Apgar 5 min 10 [9.25-10] 10 [10-10] 10 [9.75—10] 10 [10-10] 
UA pH 7.22 (0.09) 7.25 (0.06) 7.27 (005) 7 27 (0.06) 
UA [H*] (nmol litre“) 62.10 (13 76) 56.49 (8 66) 54 51 (672) 54 47 (9 03) 
UA Base Excess (mmol litre) -8 00 (4.53) -6.98 (3.81) —4 17 (2 33) -5 73 (3 05) 
Uv pH 7.26 (0.09) 7 30 (0 06) 7.31 (0.04) 732 (0 04)" 
Uy [H*] (nmol litre“) 56.40 (13.35) 50.31 (6 71) 48 21 (4.48) 48 14 (4.92)** 
Uv base excess (mmol litre~') -7.49 3 47) -7.38 (2.99) -5.99 (2 29) -5 56 (2 17) 


679P 


Proceedings of the Anaesthetic Research Society 


POSTER PRESENTATIONS 


The effectiveness of the Neuropen in 
predicting the dermatomal limits of sensory 
blockade in regional anaesthesia for 
Caesarean section as compared with ethyl 
chloride 

M. Dolling*, N. Roberts* and P. Sharpe 


University Department of Anaesthesia, Critical Care and Pain 
Management, University Hospitals of Leicester, Leicester Royal Infirmary, 
Leicester LEI SWW, UK 


Ethyl chloride is commonly used to define the limits of sensory 
block for regional anaesthesia. This volatile agent 1s a chloro- 
carbon that is both explosive and an atmospheric pollutant.’ Other 
methods have been tested for assessing sensory blockade but all 
possess their own limitations. It has been demonstrated that when 
using a needle the recorded dermatomal level can be about two 
dermatomes below that of ethyl chloride.” 

In this study we have tested a device (the Neuropen) that 1s 
employed in medical practice as a means of assessing sensory 
neuropathy. It works by applying a constant (40 g) pressure via a 
blunt sprung disposable stylet, applied to the skin in a dabbing 
motion in the same way a needle might be used. 

Forty patients were recruited who were booked for elective 
Caesarean section. There was one participant who withdrew. Each 
patient received a standardized combined spinal-epidural anaes- 
thetic. Two investigators then independently recorded the level of 
the block ın a caudal to cephalic direction and then cephalic to 
caudal, one using the Neuropen and one ethyl chlonde spray. 
These recordings were made at 15 min and 1.5h after insertion of 
the spinal component. 

The data were analysed using a Bland Altman plot. Mean and 
standard deviations were calculated for the differences between 


methods. These figures were then used to calculate the limits of 
agreement between ethyl chloride and Neuropen (Fig. 4). 

The Neuropen provides a means of defining height of a sensory 
block within three dermatomes of ethyl chloride. 


Keywords: sensory block, anaesthetic techniques, regional 
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Recording postoperative pain in ambulatory 
surgery: further evaluation of a revised 
electronic data collection device 


P. Watt*, J. Williams*, A. Roscoe*, E. Pallett*, P. Maslowski*, 
J. P. Thompson* and D Rowbotham 


University Department of Anaesthesia, Critical Care & Pain Management, 
Leicester Royal Infirmary, Lewester LE] SWW, UK 


The Visual Analogue Scale (VAS) is widely used in the 
assessment of postoperative pain. However, it may generate data 
storage problems and errors when data are transferred to a 
computer for analysis. We have refined a previous automatic data 
collection device to incorporate a slider and digital display (the 
EPIC slide). This device records VAS scores on a 0-100 mm scale 
and the data are automatically tagged with time and date. In 
addition, ıt can ask and store responses to other questions. 

Forty patients aged 18-65 yr undergoing ambulatory surgery 
were enrolled. The investigators made three postoperative visits at 
0.5, 1 and 2h. At each visit patients were asked to perform four 
VAS pain scores, two using the new EPIC slide device and two 
using a card VAS slider. Between readings a distraction question 
was asked regarding the patients preferred method of measure- 
ment, plus a verbal assessment of pain. The patient was blinded to 
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Fig 4 Limits of agreement (LA) using Bland Altman plot for the difference between ethyl chlomde and Neuropen. 
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Fig 5 Limits of agreement using Bland Altman plot of mean VAS scores detremined using a VAS card or an EPIC slide device 


exact measurements of all readings. Data were analyzed using a 
Bland Altman plot (Fig 5). Mean and standard deviations were 
calculated for the differences in VAS pain scores of the two 
measurement methods and for repeatability within each method. 
Analysis showed good agreement between the methods with a 
mean difference of 198 mm, limits of agreement 11.13 to -7.2 
mm (95% CI ~10.8 to 14.2 mm) (Fig. 5). 

The EPIC slide system was generally well received by patients, 
with two thirds expressing a preference for this method of data 
collection. The remaining one third of patients expressed no 
preference and no one expressed a preference for the card VAS. 


Keywords. pain, postoperative; surgery, day-case 
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including the application of basic sciences. One issue each 
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' value. 
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Papers 


Papers submitted must not have been published in whole or 
in part in any other journal, and are subject to editorial 
revision. It is a condition of acceptance for publication that 
copyright becomes vested in the journal and permission to 
republish must be obtained from the publisher. 

Papers based on clinical investigation should conform to 
ethical standards as set out in the Declaration of Helsinki 
and should normally include a statement of approval from 
an appropriate Ethics Committee. In the case of animal 
studies it is the responsibility of the author to satisfy the 
Board that no unnecessary suffering has been inflicted. 
Studies from the UK should specify the Home Office 
Licence number; from elsewhere, a statement of approval 
from an appropriate licensing authority. 
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Authors should avoid the use of names, initials and hospital 
numbers which might lead to recognition of a patient. A 
patient must not be recognizable in photographs unless 
written consent of the subject has been obtained. A table 
or illustration that has been published elsewhere should be 
accompanied by a statement that permission for reproduc- 
tion has been obtained from the authors and publishers. 


Preparation of manuscript 

Four copies of each manuscript (including revised texts) 
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paper, the name(s), full address(es) of the author(s), and be 
in letter quality heavy type (not dot matrix), double-spaced 
on one side only of the paper, with a wide margin. 
Contributors should retain a copy in order to check proofs 
and in case of loss. Where possible, manuscripts should 
also be submitted on disk. Our preferred format ıs a 3.5” 
PC floppy disk with the file written in Word 6 for Windows. 
However, it is also possible to process disks submitted in 
other formats, provided sufficient information is supplied to 


enable conversion to the preferred format. Articles on disk 
should be prepared in the simplest possible form. Please do 
not use endnotes, footnotes, etc. for references. Correct 
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the technical editor. 

Each of the four copies submitted must be accompanied 
by a complete set of figures. One set of figures must be 
unmounted glossy prints (see below); the three other sets 
may be phctocopies. 

Manuscripts should be accompanied by a formal letter of 
request for publication which should be signed by all the 
authors. There should be a clear declaration of any financial 
or commercial interest which any author may have in the 
material. The Editor may wish to see raw data if necessary. 
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Investigations, and Short Communications) but not for 
Reviews, Case Reports, or Commentaries. It should-give a 
succinct account of the problem, in up to 250 words. It 
may be used as it stands by abstracting journals. References 
are not used in this section, except in exceptional 
circumstances. 

Three to five key words or phrases (for indexing) should 
be included below the summary. 


Introduction 


The introduction should give a concise account of the 
background of the problem and the object of the 
investigation. Previous work should be quoted only if it 
has a direct bearing on the present problem. 


Methods 


Methods must be described in sufficient detail to allow the 
investigation to be interpreted and repeated by the reader. 
Any modification of previously published methods should 
be described and the reference given. If the methods are 
commonly used, only a reference to the original source is 
required. 


Drugs 

When a drug is first mentioned it should be given the 
international non-proprietary name, followed in parenth- 
eses by the chemical formula only if the structure is not 
well known, and by the capitalized proprietary name. 


Results 


Description of results, while concise, should permit 
repetition of the investigation by others. Data should not 
be repeated unnecessarily in text, tables and figures, and 
unwarranted numbers of digits should be avoided. 
Significance should be given as values of probability. 


Discussion 

The discussion should not merely recapitulate the results, 
but should present their interpretation against the back- 
ground of existing knowledge. It should include a statement 
of any assumptions on which conclusions are based. 
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arranged alphabetically. 
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The names and initials of more than six authors should 
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Text references to ‘unpublished observations’ or 
‘personal communications’ should not be included in the 
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that the wording of references to unpublished work is 
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Readers of the British Journal of Anaesthesia, in recent 
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Since 1870, the President of the Fund has made a Christmas 
appeal to those doctors in happier circumstances to help pro- 
vide a gift, or more usually, a little money. This helps to 
transform a cheerless Christmas into a very happy one, 
especially when children are involved, as they frequently are. 
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dependants. Contributions marked ‘Christmas Appeal’ may 
be sent to the RMBF, 24 King’s Road, Wimbledon, London 
SW19 8QN or to the Treasury of your local guild of this Fund. 
Thank you. 

To those of you who may already have contributed—a very 
warm thank you. 


Royal Medical Benevolent Fund 


Are you a current or very recently retired doctor? Would 
you like to help colleagues less fortunate than yourself? 
Our recent cases include doctors who have suffered strokes, 
cancer, multiple sclerosis, paralysis after serious road 
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accidents, blindness, schizophrenia, manic depression, 
dependency and the suicide of a partner. A growing 
number are junior doctors with limited pension entitlement 
and insurance cover. 


Do you have a few hours to help? 
Medical Liaison Officer 


The aim is to ensure doctors and their families in your area 
are aware of the financial help which may be available from 
the RMBF in time cf crisis, and in particular to: 


@ Liaise with loca! hospitals, medical centres, medical 
societies and asscciations, to seek to ensure that doctors 
and their families are aware of the type of help the Fund 
may be able to provide. 

@ To provide infermation about the RMBF to any 
colleagues and their dependants likely to need assistance 
and to advise the Fund where appropriate. 

@ To advise the Fund of any planned medical conferences, 
exhibitions or meetings in your area where it might be 
possible for the RMBF to be represented. 


We need career grade doctors who are currently practising 
or very recently retired (i.e. within the last two years), with 
good contacts within the medical world and able to commit 
on average a couple of hours a week to help the Fund. 
For further information about becoming a volunteer 
Medical Liaison Officer for the Fund, please contact: 
Royal Medical Benevolent Fund, 24 King’s Road, 
Wimbledon, London SW19 8QN. Tel: +44 (0)208 540 
9194; E-mail: info@rmbf.org 
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diarrhoea, dyspepsia, epigastric discomfort, nausea. Uncommon: abdominal distention, acid 
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bowel syndrome. oesophagitis, oral ulcer, vomiting. éry Rare’ gastro-intestina! perforation 
and bleeding. Skin and subcutaneous tissue disorders: Uncommon, cochymosis, facial oedema, 
pruntus, rash. Musculoskeletal, connective tissue and bone disorders: Uncommon. muscular 
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stones and the oxygen alarm did not sound? If so, please 
contact: 


Dr P. A. Charlebois, 2425 Eglinton Avenue East, 
Scarborough, Ontario, Canada. 


8th International Congress of Cardiothoracic 
and Vascular Anesthesia 

19th International Congress of the Israel 
Society of Anesthesiologists 

Jerusalem, Israel, November 10-13, 2002 

For further information regarding the Congress, please 
contact: 

8th International Congress of Cardiothoracic and 
Vascular Anesthesia, PO Box 50006, Tel Aviv 61500, 
Israel 

Tel: +972 3 5140000; Fax: +972 3 5140077; E-mail: 
anesth2002 @kenes.com 


Web address: http://www.isranest.org.il/congress 2002 


Primary FRCA Revision Course 
Clinical Education Centre, Leicester Royal Infirmary, 
November 27-29, 2002 


An intensive revision course with emphasis on small group 
tutorial teaching and including MCQ and VIVA practice 
with individual feedback. 


For further information, please contact: Christine Gethins. 
Tel: 0116 258 5291; E-mail: anae @le.ac.uk 


Liverpool Society of Anaesthetists Slim 
Volume Symposium: Evidence-based 
anaesthesia and critical care—a slim volume? 
Moat House, Chester, UK, November 28-29, 2002 

For further details, please contact: Georgina Hall, 
Department of Anaesthesia, Arrowe Park Hospital, Upton, 
Wirral, Merseyside CH49 5PE, UK. Tel: +44(0)151 604 
7056; Fax: +44(0)151 604 7126; E-mail: georgina. 
hall @ whnt.nhs.uk 


Third Euro-PNB Winter Symposium: 
postgraduate course on peripheral nerve 
blockade in surgery and pain management 
for anaesthesiologists 

Excelsior Mila Hotel, Crans-Montana, Switzerland, 
January 16-19, 2003 


Meet European experts in this stimulating course and 
workshops in an exciting environment. 


Registration before December 1, 2002 to: Assoc. Professor 
Alain Borgeat, Department of Anaesthesia and Intensive 
Care, Orthopedic University Clinic, Balgrist/Ztirich, 
Forchstrasse 340, CH-8008 Ziirich, Switzerland. Tel: +41 
1 386 38 32; Fax: +41 1 386 16 09; E-mail: agorgeat@ 
balgrist.unizh.ch 


21st Annual Symposium: Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
Antigua, West Indies, January 19-25, 2003 


For information oa abstracts, posters and free papers 
(deadline: November 4, 2002) please contact: Helen 
Phillips, Mount Sinai Medical Centre, 1 Gustave L. Levy 
Place, Box 1010, NY 10029-6574, USA. Tel: +1 212 241 
7467; Fax: +1 212 426 2009; E-mail: helen.phillips @ mss- 
m.edu 


14th SW Thames Anaesthesia Update 


Belle Plagne, French Alps, January 27-31, 2003 

The scientific programme will include lectures and 
discussions on: acute and chronic pain; paediatric update; 
obstetric anaesthesia; neurology and anaesthesia; ITU and 
relevant medical tcpics; cardiothoracic anaesthesia; day 
case surgery; regional blocks; new drugs update; training 
and education; clinical governance; information technol- 
ogy; free papers, guest speakers, workshops, videos on new 
drugs, equipment and techniques. 

Open to all anaesthetists. Anaesthetists in training 
presenting papers are eligible for prizes. Deadline for 
abstracts: December 9, 2002. Meeting approved for 
CEPD. 

For more information and to secure a place please contact: 
Dr J. B. Liban, Anaesthetic Department, St George’s 
Hospital, Blackshaw Road, London SW17 OQT. Tel: +44 
(0) 208725 0018; Fax: +44 (0) 208725 3135; E-mail: 
liban@ mailbox.co.uk; Website: www.doctorsupdates.com 
(on-line registration). 


77th Clinical and Scientific Congress of the 
International Anesthesia Research Society 
New Orleans Marriott, New Orleans, Louisiana, March 
22-26, 2003 

For further information, please contact: 


International Anesthesia Research Society, 2 Summit Park 
Drive, Suite 140, Cleveland, OH 44131-2553, USA. 
Tel: +1 216 642 1124; Fax: +1 216 642 1127; E-mail: 
iarshq@iars.org; Website: www.iars.org 
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Advances in Anatomy and Clinical 
Examination of the Hand and Wrist 


Genval (Brussels), Belgium, March 28-29, 2003 
Presymposium Hands-on Course of Hand Surgical 
Anatomy, March 27, 2003 

The symposium will promote exchange between scien- 
tists and clinicians, and will include presentations by 
invited faculty. Participants may submit original papers 
for a limited number of oral presentations, and there 
will be considerable time reserved for discussion. 
Deadline for submission of abstracts: December 31, 
2002. 

For further details, please contact: F. Schuind, MD, PhD, 
Department of Orthopaedics, Erasme University Hospital, 
808 route de Lennik, B-1070 Brussels, Belgium. Tel: +32 2 
555 68 44/36 45; Fax: +32 2 520 35 36; E-mail: Hand. 
congress @ulb.ac.be 


German Congress of Anaesthesiology 2003 


(DAK 2003) 
München, April 9-13, 2003 
For further information, please contact: 


Medizinisch Congressorganization Nürnberg AG. 
Tel: +49 911 393160; Fax: +49 911 331204 


International Consensus Conference in 
Intensive Care Medicine—‘Challenges in 
End-of-Life Care in the ICU’ 


Brussels, Belgium, April 24-25, 2003 

This conference aims to evaluate available scientific 
knowledge and to advance the understanding of End-of- 
Life care. The questions to be answered: (i) Is there a 
problem with End-of-Life care in the ICU?; (ii) What is the 
‘epidemiology’ of death in the ICU?; (iii) Who takes the 
decision to limit life-sustaining treatments in the ICU?; 
(iv) What explains the differences between countries and 
cultures regarding End-of-Life care in the ICU?; (v) What 
is the optimal care for patients dying in the ICU? Jury will 
deliberate on April 26-27. 

For more information, please contact: ESICM ICC-Mrs 
Estelle Flament, 40 Avenue Joseph Wybran, B-1070 
Brussels, Belgium; Tel: +32 (0)2 559 03 55; Fax: 
+32 (0)2 527 00 62; E-mail: public@esicm.org; 
Website: www.esicm.org. 


27th Congress of The Scandinavian Society of 
Anaesthesiology and Intensive Care Medicine 
Helsinki, Finland, August 16-20, 2003 

A biannually arranged Scandinavian congress in one of the 
five Scandinavian countries; language: English. 


For further information please contact: Prof. Per 
H. Rosenberg. Helsinki University Hospital, Helsinki 
FIN00029 HUS, Finland. 

E-mail: per.rosenberg @hus.fi 

Or: CONGREX/Blue & White Conferences Oy 

E-mail: congrex @congrex.fi 

Web address: www -congrex.fi 


Société Francaise d’ Anesthésie et de 
Réanimation 


Annual congresses will take place in Palais des Congrés, 
Porte Maillot, Paris on the following dates: 

September 18-21, 2003 

September 20—October 3, 2004 

September 29-October 2, 2005 


For further information, please contact: SFAR, 74, rue 
Raynouard, F-75016 Paris, France. Tel: +33 1 45 25 82 25; 
Fax: +33 1 40 50 35 22; E-mail SFAR @invivo.edu 


Dingle 2003—5th Current Controversies in 
Anaesthesia and Peri-operative Medicine 
Dingle, County Kerry, Ireland, October 1-5, 2003 
For further information contact: 


Dr Monty Mythen, Director, Centre for Anaesthesia, UCL, 
Room 103, Ist Floor Crosspiece, Middlesex Hospital, 
London, WIT 3AA, London, UK. Fax: +44 (0)20 7580 
6423; E-mail: uch.acru@btinternet.com 


7th Biennial Congress of the Asian and 
Oceanic Society of Regional Anesthesia and 
Pain Medicine 


Bangkok, Thailand, November 5-8, 2003 

A biennial congress with a scientific programme of special 
lectures, symposiums, and workshops on various techni- 
ques of regional anaesthesia and pain medicine. 

For further information, please contact: AOSRA 
Secretariat, 39 Pradipat 10 (Phaholyothin 11) phyathai, 
Bangkok 10400, Thailand. Tel: +66 0 2615 7301; Fax: +66 
0 2615 7309; Mobile: +66 (01) 836 1368; E-mail: 
cdm @cdmthailand.com 

Web address: http://www.cdmthailand.com 


13th World Congress of Anaesthesiologists 


Palais des Congrès de Paris, Paris, France, April 18-23, 
2004 


For further details, please contact the Congress Office at: 
COLLOQUIUM, 12 rue de la Croix Faubin, F-75557 
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Paris cedex 11, France. Tel: +33 (0) 1 44 64 15 15. Fax: 
+33 (0) 1 44 64 15 16/17. E-mail: wca2004 @colloquium.fr 
Website: www.wea2004.com 


International Anaesthesia Research Society 
Annual Clinical and Scientific Congresses 


78th Clinical and Scientific Congress of the 
International Anesthesia Research Society, Tampa 
Marriot Waterside Hotel, Tampa, Florida, March 27- 
31, 2004 


79th Clinical and Scientific Congress of the 
International Anesthesia Research Society, Hilton 
Hawaiian Village, Honolulu, Hawaii, March 11-15, 
2005 


For information please contact: International Anesthesia 
Research Society, 2 Summit Park Drive, Suite 140, 
Cleveland, Ohio 44131-2553, USA. Tel: +1 16 642 
1124, Fax: +1 216 642 1127; E-mail: iarshq@iars.org: 
Website: www. iars.org 
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Editorial I 


Live and let die? A structured approach to decision-making about resuscitation 


Clinical decision-making is under attack. Such reports as 
‘Cancer patient’s fury at doctor who "wrote her off" on 
hospital’s death ward’,’ and hospital found guilty,” 
‘keeping Miss B alive was an unlawful act’, mean we could 
be forgiven for being confused (and defensive). We have 
taken off our white coats and first name terms are 
fashionable, yet the public and the profession are restive. 

In the first case referred to above, | a patient in her late 
sixties receiving chemotherapy for gastric cancer, was 
admitted to hospital with septicaemia. After treatment, she 
was ‘horrified’ to discover that ‘inappropriate for resusci- 
tation’ had been written in her notes. ‘They were going to let 
me die,” she is reported to have said. All the emotive 
elements were there—secrecy, paternalism, doctors yet 
again acting as gods, denial of choice, in an age when 
consumerism has itself become a god, and death itself—the 
real enemy. Age Concern saw it as an example of ageism in 
the NHS. At the heart of the ensuing uproar was the view 
that patients should have the right to decide whether or not 
there should be medical intervention. 

In a swift political response,* Hospital Trusts were 
directed to implement resuscitation policies based on the 
recently revised BMA/Resuscitation Council (UK)/RCN 
document." 


BMA/Resuscitation Council (UK)/RCN 
document (the Resuscitation document) 


The aim of this document was to outline legal and ethical 
standards for planning patient care and making decisions in 
relation to cardiopulmonary resuscitation (CPR). It suc- 
ceeded in addressing an emotive issue, but in trying to find 
common ground, compromised some ethical and legal 
principles, which prompted the Association of Palliative 

Medicine (APM) and the atonal Hospice Council (NRG) 

to issue a joint statement. 

The points causing the APM and NHC concern were: 

1. The fall back position of the Resuscitation document is to 
attempt resuscitation, that is ‘there should be a presump- 
tion that health professionals will make all reasonable 
efforts to attempt to revive the patient’. 


2. In making an advance decision that CPR will not be 
attempted (a do not attempt resuscitation order— 
DNAR), the Resuscitation document states ‘where 
competent patients are at foreseeable risk of cardiopul- 
monary arrest, or have a terminal illness, there should be 
sensitive exploration of their wishes regarding resusci- 
tation. This will normally anse as part of general 
discussions about the patient’s care’. 

3. The Resuscitation document suggests conflicting duties 
for doctors.’ ‘Doctors cannot be required to give 
treatment contrary to their clinical judgement, but should 
respect, whenever possible, patient’s wishes to receive 
treatment which carries only a very small chance of 
success or benefit.’ 

Let us consider these three concerns, with respect to 
clinical evidence, ethics and the law. 


Resuscitation: clinical evidence 


The indications for CPR, as for any medical intervention, 

depend on its effectiveness. This has been broadly classified 

by Warlow,?® as treatments which either: 

(a) definitely improve outcome, 

(b) do not improve outcome at all and should be abandoned, 

(c) are simply dangerous and should be banned, or 

(d) we are not sure about, but are promising and should be 
subject to further research. 

When introduced 40 yr ago, CPR was intended to prevent 
premature death in previously ‘fit’ patients, who sustained a 
sudden cardiac or respiratory arrest. It was never intended to 
be part of every death,” and yet ıt is now attempted in many 
reversible situations, in which not surprisingly, it has 
shown little if any benefit. 

The public and some health professionals, have an 
unrealistic perception of the benefit of CPR,!° and the 
idea that DNAR equates with abandonment of good medical 
care. A review of cardiac arrests in the most popular 
American television medical programmes’! (ER, Chicago 
Hope, and Rescue 911) found that outcome tended to be 
simplified to life or death, ignoring the real risk of disability 
or persisting unconsciousness. The majority of cases were 
young (children, teenagers, or young adults) and the 
majority of cardiac arrests were because of trauma (shoot- 
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ings, road accidents, drowning). Only 12% had underlying 
illness. In this fictional world, 75% of patients survived the 
arrest and 67% were subsequently well enough to go home. 
In a subtle way, as Diem says,’ ‘the misrepresentation of 
CPR on television undermines trust in data and fosters trust 
in miracles’. 

In real life, the denominator is different. The average 
hospital patient is likely to be older, sicker, and with 
significant underlying disease. A more realistic UK figure, !? 
is a short-term success rate (defined as restoring arterial 
pressure for 1 h), in two out of five resuscitation attempts, 
and a one in eight long-term success rate (defined as well 
enough to be discharged). Survival is much worse for those 
who have underlying non-cardiac illness and/or poor 
performance status before the arrest.’? In patients with 
advanced malignancy, it is dismal.'* 

It is not the presence of cancer per se which is the issue, 
but performance status and extent of the disease. In a recent 
review of 243 cancer patients, who arrested in hospital,'* the 
most significant independent prognostic factor of survival 
was the nature of the arrest. Of those who arrested suddenly 
and unexpectedly, 22% (16/73) left hospital. Of those whose 
deterioration beforehand was gradual and unrelenting, none 
(0/171) survived (P<0.001). 

Thus, CPR may be lifesaving in patients with a previously 
good performance status who have a sudden, unexpected 
event (Warlow group a). It will almost certainly not work 
and should be abandoned in patients with advanced cancer 
and those with extensive and irreversible underlying disease 
whose general condition is deteriorating (Warlow groups b 
and c). Finally, it may achieve an agreed benefit for other 
groups, which needs to be identified through further 
research (Warlow group d). 

Thus, referring to concern number 1 of the Resuscitation 
document, the APM/NHC considers a presumption in 
favour of CPR is inappropriate for large groups of hospital 
in-patients. Secondly, the patients with whom discussion 
about CPR is to be encouraged (concern number 2), that is 
those who are at foreseeable risk of cardiac arrest or who 
have a terminal illness, are the group who are unlikely to 
benefit. The APM/NHC statement therefore, reaffirms there 
is no obligation to discuss CPR with those patients for 
whom treatment is judged to be futile. 


Decision-making: ethics 

Four ethical principles summarize our moral responsibility 
to others: beneficence (do good), non-maleficence (avoid 
harm), justice (effective medical interventions should be 
universally available), and autonomy (respect for individual 
deliberated choice and confidentiality). 

Applying these to CPR, we have a moral responsibility to 
do good to others (beneficence); and to guard the patient and 
society against the unscrupulous application of medical 
technology of no proven benefit. CPR should, therefore, be 
carried out only when likely to be effective. Secondly, we 


have a moral responsibility to avoid harming others (non- 
maleficence). CPR should not be performed when it is 
neither clinically indicated, nor wished by the patient. A 
physician is required only to provide medical benefit to 
patients—no ethical principle has ever required doctors to 
do what is of no net benefit and is in the extreme, 
physiologically futile. In other words, withholding an 
ineffective intervention is ethically sound. Furthermore, 
providing it is degrading, unpleasant, and undignified. With 
reference to concern number 3 from the Resuscitation 
document, the APM/NHC reaffirms that no doctor can be 
required to deliver a treatment, which is not clinically 
justifiable. 

Justice demands that effective medical intervention 
should be universally available. Hence, ineffective CPR 
fails justice criteria. And finally there is autonomy. A patient 
who might benefit from CPR, has the right to state in 
advance they do not wish it, even if it were medically 
appropriate. This does not imply a right to demand CPR, but 
the notion of autonomy has become so powerful that ‘its 
glare often blinds physicians’ .!* Judgement demands we 
balance all ethical principles. 


Decision-making: the law (UK) 

Issues relevant to CPR are the concepts of best interest and 
capacity. Two new pieces of legislation are relevant: the 
Human Rights Act, 1998,'° and Adults with Incapacity 
(Scotland) Act, 2000.'” 

Although some cynics may choose to believe that best 
interest ‘is a phrase doctors use to justify pursuing their 
own’,’® the law clearly states that doctors have a legal duty 
to apply good medical practice in the best interests of their 
patient. No law has ever required doctors to do what is, on 
best evidence, extremely unlikely to achieve the intended 
aim. Indeed, where treatment is not necessary and not in the 
best interest of the patient, there is no authority for 
providing treatment (concern number 3), and in fact to do 
so could be considered assault. Applying the best interests 
test, as in the cases of Johnstone (Scotland),!* and Bland 
(England),”” it can be argued that it is not that the best 
interest may be served by the patient being allowed to die, 
but that it would be ın their best interest not to be subjected 
to a medically futile CPR attempt. Article 3 of the Human 
Rights Act aims to protect patients from inhuman, degrad- 
ing, or experimental treatment, and it could be argued that 
treatment which is not properly established, may be 
considered- experimental. '° 

With regard to capacity, patients who have a cardiac 
arrest obviously do not have the capacity to consent or 
otherwise to treatment. The law is clear that the doctor is 
responsible for deciding, on the basis of the best interests 
test, what action to take. This considers medical evidence, 
and where relevant, the patient’s known views and/or the 
understanding that relatives may have, of what the patient 
may have wished. 
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Decision-making: the evidence 


There is increasing evidence that patients wish to be more 
involved than their doctors think,” ** and the GMC has set 
clear standards for doctors respecting the rights of patients 
to be fully involved in decisions about their care. However, 
not all patients feel conifortable being actively involved in 
decision-making.” Furthermore, making decisions when 
well is different from making decisions when ill, frail or 
frightened, when it may be an intolerable burden. 

Patients cannot choose to be involved, if they are not 
given enough relevant information. Certainly in cancer 
patients, there is overwhelming evidence that patients and 
their relatives want more information—90% say they want 
as much as possible, good, or bad.” Yet it has not proved 
possible to answer the simple question ‘Does giving more 
information improve decision-making?’ This is in part a 
result of the lack of randomized controlled trials, but 
perhaps there can be no simple answer, as it would imply 
some decisions are better than others. 

Not everyone wants extensive information, at all stages of 
their illness, and the reasons for this are complex and 
human.” It takes time to piece together the story of an 
illness in an understandable way, and patients may choose 
not to discuss it with us, or they may choose to discuss it 
today but not tomorrow. Meaningful discussion cannot take 
place if patients are in pain or symptomatic, and there is 
much evidence that symptom control is frequently poor in 
patients with advanced cancer.” 

Does the threat of immediate death override all medical, 
moral, ethical, and legal considerations? In these increas- 
ingly fearful times, offering an almost certain futile attempt 
at CPR might seem preferable to risking litigation from a 
family who may wish it. However, decision-making for 
CPR is no different from that of any other medical decision, 
including the need for invasive investigations or unpleasant 
treatments. 


CPR in advanced illness 


Discussing CPR soon after admission (concern number 2) 
may be dangerous for us all. It distracts us from what is 
important, that is the diagnosis, the extent of the illness, and 
what we, and the patient, understand by their illness 
(prognosis). If we persevere with treatment, as if each 
intervention will be the answer, we will reach a stage when 
it becomes obvious that nothing else can be done for the 
patient. By this time, the patient may be too ill to discuss 
their care. Patients are often unaware how advanced their 
illness is, through denial (their choice), or lack of discussion 
(our choice), or because things are unravelling quickly. 
Some may never accept how ill they are, but in order to help 
‘patients to readjust to what is happening, they must be given 
the opportunity to discuss their situation earlier. We need to 
recognize the shift from curative to palliative management 
and in a recent systematic review of patients with advanced 


cancer,” clinical judgement was only one of several 
independent predictors, which identified patients at risk of 
dying within 3 months. The time to learn that dying is a 
possibility, is not when one is burdened with a decision to 
sign up for CPR or otherwise. 


Summary 


The law and ethics as they stand provide a framework by 
which decisions about withdrawing or withholding treat- 
ment may be made.” If there is nothing to suggest that an 
intervention is in the patient’s best interests, ıt is ethically 
and legally appropriate not to provide it. Already we are 
seeing some cruel, unintended consequences of CPR 
policies.” The debate needs to be broadened,” or the 
belief that death is accidental and not inevitable will preval. 
There will always be some uncertainty and it would be more 
useful to ask doctors and patients what their understanding 
is, at each stage of the illness. 

And there is always another side to the story. Perhaps 
patients are worried about the same issues as we are—that it 
is increasingly difficult to care in a more fragmented 
impersonal system. Faced with increasingly complex med- 
ical problems, we should not yield to policy, which we judge 
to be maleficent—it will make things worse. 


P. Levack 
Roxburghe House 
Jedburgh Road 
Dundee DD2 1SP 
UK 
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Background. Altered cerebral circulation, as reported during normal pregnancy, and in 
patients with pre-eclampsia, can be associated with changes In cerebral vascular reactivity and/ 
or cerebral autoregulation. The aim of our study was to perform a comparative assessment of 
cerebral haemodynamics, including vascular reactivity and autoregulation, in pre-eclamptic 
patients, healthy pregnant women, and healthy non-pregnant women. 


Methods. Thirty patients with pre-eclampsia were recruited. Age- and height-matched healthy 
pregnant (n=30) and non-pregnant control (n=30) groups were also recruited. Monitoring 
Included transcranial Doppler ultrasonography, end-tidal carbon dioxide and non-invasive 
arterial pressure measurement. Cerebral autoregulation was assessed by performing the 
transient hyperaemic response (THR) test. The cerebrovascular reactivity to carbon dioxide 
(CRCO,) was assessed by measuring middle cerebral artery blood flow velocity (MCAFYV) after 
induced changes in end-tidal carbon dioxide. Estimated cerebral perfusion pressure (eCPP) and 
critical closing pressure (CrCP) were calculated using established formulae. Statistical analysis 
included ANOVA with Tukey’s pairwise comparisons. 


Results. Mean arterial pressure (MAP) was Increased in pre-eclampsia (P<0.05). Mean MCAFV 
was lower in healthy pregnancy (P<0.05), but in pre-eclampsia it was similar to the non- 
pregnant group. When compared with the non-pregnant group, mean eCPP was higher in the 
healthy pregnant and pre-eclamptic groups (P<0.05). There were no meaningful differences in 
cerebral autoregulation or CRCO). 


Conclusions. Healthy pregnancy increases eCPP, presumably by decreasing CrCP. In pre- 
eclampsia, eCPP is maintained at the same level as in healthy pregnancy despite an increased 
MAP. Pre-eclampsia has no significant effect on cerebral autoregulation or CRCO). 
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Pregnancy induces widespread changes in the cardio- 
vascular system.'* Cerebral blood flow has been shown to 
be increased by up to 25% in the first trimester,’ but it 
reduces with increasing gestational age and, in the third 
trimester, it remains at up to 15% more than that in the non- 
pregnant state.*> Pre-eclampsia has been shown to be 
associated with an increased middle cerebral artery blood 
flow velocity (MCAFV) and abnormal transcranial Doppler 
(TCD) findings compared with the healthy pregnant state.° 


This increase in MCAFV is thought to be secondary to 
vasospasm and cerebral oedema 7” During induction of 
anaesthesia, increases in MCAFV associated with increases 
in artenal pressure in pre-eclamptic patients have been 
reported to be significantly more than the increases seen in 
patients with a healthy pregnancy.® Changes in vascular 
tone can affect cerebral perfusion pressure (CPP) by altering 
the critical closing pressure (CrCP) of cerebral arterioles.” 
Despite reported changes in cerebral blood flow during 
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pregnancy and pre-eclampsia, 35 the effects of pregnancy 
with or without pre-eclampsia on cerebral vascular 
reactivity, cerebral autoregulation, CPP, and CrCP have 
not been well documented. 

Non-invasive assessment of cerebral haemodynamics 
using TCD ultrasonography has recently gained importance. 
Essentially, TCD measures flow velocity in the insonated 
vessel and the changes in flow velocity can be taken to 
reflect the changes in blood flow, assuming that the diameter 
of the insonated vessel remains constant. As TCD is easy to 
use and gives reproducible measurements, it has become a 
widely accepted method of assessing the cerebrovascular 
reactivity to carbon dioxide (CRCO,), cerebral autoregula- 
tion, estimated (e)CPP, and Crcp.’*!° In patients with 
neurological disorders, impairment ın both cerebral auto- 
regulation and cerebral vascular reactivity has been shown 
to predict poor neurological outcome.'*!” Knowledge of 
the effects of normal pregnancy and pre-eclampsia on 
cerebral haemodynamics is essential for appropriate 
management of these patients undergoing anaesthesia or 
in labour, particularly when vasoactive medications are 
administered. 

The aim of the present study was to make a comparative 
assessment of cerebral haemodynamic variables such as 
cerebral autoregulation, CRCO2, eCPP, and CrCP, using 
TCD in pre-eclamptic patients, healthy pregnant women, 
and healthy non-pregnant women. 


Materials and methods 


After obtaining hospital ethics committee approval and 
written informed consent, we recruited 30 pre-eclamptic 
women, in the third trimester of pregnancy, from the 
obstetric unit. Pre-eclampsia was defined as an arterial 
pressure greater than 140/90 mm Hg on two separate 
occasions, with associated proteinuria (>2+ on dipstick and/ 
or >0.3 g litre’ on a 24-h collection), occurring after the 
20th week of gestation. Healthy pregnant (third trimester; 
n=30) and non-pregnant women, matched for age and height 
to the pre-eclamptic women, were also recruited. Women 
with evidence of neurological disorder, recent head injury, 
pre-existing vascular disease, diabetes, renal disease, head- 
ache, and current vasoactive medication were excluded 
from the study. 

Assessment of cerebrovascular haemodynamics was 
performed as soon as possible after the diagnosis of pre- 
eclampsia. Patients’ age, height, body mass index (BMD, 
gestational age (in pregnant patients), and arterial pressure 
were recorded. Before recruitment into the study, all the 
patients were fully assessed by obstetricians and those with 
severe pre-eclampsia (diastolic arterial pressure greater than 
110 mm Hg and/or evidence of hyper-reflexia) were 
admitted immediately for anti-hypertensive therapy and/or 
induction of labour, and could not therefore be included in 
the study. The pre-eclamptic patients who were admitted to 


the study underwent carotid ultrasound scan to exclude any 
significant carotid artery disease. 

All pre-eclamptic subjects were followed-up at 6 and/or 
12 weeks post-partum to ensure that their arterial pressure 
had returned to normal levels, proteinuria had cleared, and 
that they had not suffered any neurological problems at any 
time during their stay in hospital or thereafter. 


Study set-up 
All subjects were studied in the supine position. The 
pregnant women were positioned with 15° left-lateral tilt 
to minimize any aortocaval compression. The left 
middle carotid artery (MCA) was identified using a 2 
MHz-pulsed TCD probe (SciMed PCDop 842), and the 
position of the probe was fixed with a headband to 
ensure a constant angle of insonation throughout the 
period of the study. TCD measurements were recorded 
onto digital audiotape for subsequent analysis using 
specific software (SciMed UK). Following application of 
a nose clip, constant end-tidal carbon dioxide (E’co,) 
monitoring was instituted via a mouthpiece connected to 
a Datex Capnomac monitor. The arterial pressure was 
measured at l-min intervals with a non-invasive arterial 
pressure monitor (Dynamap) for the duration of the test. 
Further monitoring included heart rate and oxygen 
saturation measurements using pulse oximetry. 
Following a period of acclimatization to the study 
apparatus, each subject’s baseline heart rate, arterial 
pressure, oxygen saturation, Eco, and MCAFV were 
recorded. 


TCD data 


Cerebral autoregulation was assessed by the transient 
hyperaemic response (THR) test.!?"3 This involved a 10-s 
compression of the ipsilateral common carotid artery (CCA) 
followed by sudden release of the compression, leading to 
hyperaemic flow in the MCA. Criteria for acceptance of a 
THR test were: (1) a sudden and maximal decrease in flow 
velocity at onset of the compression; (2) stable heart rate for 
the period of the compression; (3) steady TCD signal for the 
duration of the compression; and (4) absence of flow 
transients following release of the compression. i 

Two indices were used to analyse the THR test to assess 
autoregulation: the transient hyperaemic response ratio 
(THRR);!! and the strength of autoregulation (SA).'? 1 To 
calculate these indices, three MCAFV waveforms were 
selected from the recordings during the THR test (Fig. 1): 
(1) the MCA waveform immediately before compression, 
F1; (2) the first waveform following compression, F2; and 
(3) the waveform immediately following release of com- 
pression, F3. The time-averaged mean of the outer envelope 
of the flow velocity profile was used for performing the 
analysis (Fig. 1). THRR was calculated as:"! 
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Doppler 
signal 


Fig 1 Example of the THR test. Baseline flow velocity (FV), Fl, 
reduces to F2 at the onset of compression If autoregulation 18 
effective, FV after the release of compression (F3) shows a 
hyperaemic response (i.e. F3>F1). The line below the MCAFV trace 
shows the reflected power of the Doppler signal; unchanged power 
during the test suggests stable conditions. For the measurement of 
FV, the time-averaged mean of the outer envelope is taken The 
outer envelope defines the upper limit of the frequency waveform 
for every pulse. It can be generated by computer (software by 
SciMed UK), and is shown as the continuous black lne that joms 
the peaks of Doppler frequency spectrum dunng each cardiac cycle. 


THRR=F3/F1 
SA was calculated as:'* 


SA=(F3 X P2)/(MAP XF1) 


where P2 is the greater value of either the estimated arterial 
pressure in the MCA at the onset of CCA compression, as 
calculated by P2=MAPXF2/F1, or 60 mm Hg (the assumed 
lower limit of autoregulation). Details of the derivation of 
these formulae have been published elswhere.'? 1° 

The compression ratio (CR), a measure of the magnitude 
of decrease in flow velocity during the compression, was 
calculated using the formula:"? 


CR%=(F1-F2)X(100/F1) 


CRCO, was assessed by recording the MCAFV during 
induced hypocapnia (voluntary hyperventilation to an E’co, 
of 1 kPa below baseline), and hypercapnia (addition of 
carbon dioxide to the inspired gases (oxygen-enriched air) 
to achieve an E’co, of 1 kPa -above baseline). CRCO2 was 
calculated as per cent change in MCAFV per kPa change in 


Eco, z 


CRCO2 = 100x 
(MCAFViigh co, — MCAFViowco,,)/MCAFViow co, 


? TEI 
ECO  ECOzew 





The eCPP and CrCP were calculated using the method 
described by Belfort and colleagues.” 


Table 1 Physical characteristics of the patients. Values are as mean (SD or 
range) for age, height, and BMI, and median [interquartile range] for parity 
and gestation. *P<0.05 compared with non-pregnant group using ANOVA 
with Tukey’s test 


Pre-eclamptic Healthy pregnant Non-pregnant 
(n=30) (n=30) (n=30) 
Age (yr) 29.3 (19-40) 29.8 (18-41) 297 (18-42) 
Height (cm) 164 (5) 164 (6) 165 (6) 
BMI (kg m°) 28 (8)* 26 (4) 24 (4) 
Panty 0 [0-1] 0 [0-1] - 
Gestation (weeks) 37 [35-39] 37 [36-38] - 
(MAP — DBP) 


CPP = Veloci NP a e E 
$ C OCiY mean X SIGAFV_.. — MCAFV aana 


CrCP=MAP — eCPP 


Statistics 


We calculated that 30 patients would be required in each of 
the three groups to detect a 20% difference in the SA across 
the groups with 90% power at alpha=0.05, assuming the 
coefficient of variation of SA to be approximately 10%. The 
coefficient of variation for SA was assumed because of lack 
of previous data in pregnant women. 

All data sets were checked for normality of distribution 
using the Anderson—Darling test. For comparisons between 
groups, ANOVA with Tukey’s test (for pairwise compari- 
son) was used for parametric data, and Kruskal-Wallis test 
was used for non-parametric data. P<0.05 was used to 
denote statistical significance. Minitab Release 13.3 was 
used for all statistical analyses. 


Results 


Thirty-five women with pre-eclampsia were enrolled into 
the study. Two were not included because of obstetric 
intervention before completion was possible, two because 
we were unable to identify a suitable MCA signal, and one 
because we were unable to perform a satisfactory THR test. 
None of the pre-eclamptic patients had a carotid artery 
atheromatous plaque. 

The characteristics of the three groups of women included 
in the study are shown in Table 1. The groups were 
comparable for distribution of age and height; parity and 
gestation in healthy pregnant patients were simular to pre- 
eclamptics. Compared with non-pregnant subjects, the BMI 
in pre-eclamptic patients was significantly higher (P<0.05). 

Baseline values for arterial pressure and E’co, for the 
three groups are shown in Table 2. The systolic, diastolic, 
and mean arterial pressures (MAP) were significantly higher 
in the pre-eclamptic group (P<0.05) as compared with the 
healthy pregnant and non-pregnant control groups. The 
baseline B’co, levels in the pre-eclamptic and healthy 
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Table 2 Baseline data Values are mean (sD) *P<0.05 compared with the 
other two groups using ANOVA with Tukey’s test 


Pre- Healthy Non- 

eclamptic pregnant pregnant 

(n=30) (n=30) (n=30) 
Systolic arterial pressure (mm Hg) 149 (12)* 120 (11) 121 (11) 
Diastolic arterial pressure (mm Hg) 97 (10)* 76 (10) TI (1) 
MAP (mm Hg) 113 (11)* 90 (10) 89 (9) 
E’co, (kPa) 43 (04) 4.2 (04) 5.1 (0.4)* 


pregnant groups were significantly lower than in the non- 
pregnant group (P<0.05). 

The values of the cerebral haemodynamic variables are 
given in Table 3. Baseline MCAFV was significantly lower 
(P<0.05) in the healthy pregnant group compared with the 
pre-eclamptic and non-pregnant groups. There were no 
significant differences between the three groups for CR, 
THRR, SA, or CRCO,. eCPP was significantly higher 
(P<0.05) in the pre-eclamptic and pregnant groups as 
compared with the non-pregnant control group. The CrCP 
was significantly lower in the healthy pregnant control 
group than the other two groups. 


Discussion 

We have shown that normal pregnancy is associated with a 
lower MCAFV as compared with non-pregnant women. 
However, MCAFV in pre-eclampsia is similar to that in 
non-pregnant women. The eCPP is higher in healthy 
pregnant women, as compared with non-pregnant women, 
and is maintained at this higher level during pre-eclampsia. 


Changes in MCAFV 


The effects of pregnancy and/or pre-eclampsia on MCAFV 
have been studied by other investigators. Ikeda and 
colleagues? ° found little change in mean MCAFV during 
the first two trimesters but reduced values in the third 
trimester. Williams and Wilsont showed that MCAFV fell 
significantly with advancing gestational age. In another 
study, Williams and Wilson! used TCD to assess cerebral 
haemodynamics in 17 non-pregnant women, 17 normoten- 
sive pregnant women, 20 pregnant women with pre-existing 
hypertension, and 21 pre-eclamptic women. The pregnant 
women were all in their third trimester. There was no 
difference in mean MCAFYV in healthy pregnancy compared 
with non-pregnant women and a small, but non-significant, 
increase in mean MCAFV in the hypertensive and pre- 
eclamptic women. Demarin and colleagues® studied pre- 
eclamptic women before and after delivery and found a 
progressive increase in MCAFV during late pregnancy. 
Ohno and colleagues’? compared MCAFV in 35 healthy 
pregnant and 17 pre-eclamptic women. In this study, the 
mean MCAFYV was significantly higher in the pre-eclamptic 
group. It has been suggested that these increases in MCAFV 


Table 3 Cerebral haemodynamic measurements and calculated variables. 
Mean (SD) values of MCAFV, CR, THRR, SA, CRCOz2, eCPP, and CrCP are 
given *P<005 compared with the other two groups using ANOVA with 
Tukey’s test 


Pre-eclamptic Healthy pregnant Non-pregnant 

(n=30) (n=30) (n=30) 
MCAFV (cm 8!) 67.9 (13 9) 56.7 (11,5)* 68 7 (14) 
CR 32.3 (18 0) 34.9 (8 2) 34.3 (12 0) 
THRR 1 68 (0 18) 1.64 (0.19) 1 57 (0.25) 
SA 1.19 (0.29) 1 21 (0 19) 1.13 (0 20) 
CRCO, 26 6 (5 9) 27.7 (7.7) 28 0 (64) 
eCPP (mm Hg). 65.4 (14 6) 60.3 (18.2) 43 3 (17.6)* 
CrCP (mm Hg) 48 1 (16.1) 29 3 (20 1)* 445 (15.4) 





are because of a degree of vasospasm. The differences 
between the findings of various studies with regards to the 
changes in MCAFV in pre-eclampsia might be explained by 
the differences in the severity of pre-eclampsia between the 
studies. Some investigators have reported increased 
MCAFV in symptomatic, compared with asymptomatic 
pre-eclamptics.°” 7! - 

In the present study, all our patients in the pre-eclampsia 
group were asymptomatic. We found that the values of 
MCAFYV in pre-eclampsia, although similar to those in the 
non-pregnant group, were significantly higher than those 
seen in healthy pregnancy. These findings are in agreement 
with some of the previous reports.7**!? Overall, it would 
appear that MCAFV falls with advancing gestational age. 
An increase in late pregnancy to a level equal to, or greater 
than, normal non-pregnant velocities is suggestive of pre- 
eclampsia and probable underlying vasospasm. 


Cerebral autoregulation and carbon dioxide 
reactivity 


As far as we are aware, there are no previously reported 
studies using TCD, which have looked specifically at the 
effects of pregnancy and/or pre-eclampsia upon cerebral 
autoregulation or CRCO). It has been generally assumed 
that cerebral autoregulation remains intact during healthy 
pregnancy as the increase in cerebral blood flow is limited 
despite the raised cardiac output.! With respect to pre- 
eclampsia, some investigators have suggested that the 
endothelial dysfunction seen in the pre-eclampsia/eclampsia 
syndrome may alter cerebral haemodynamics.”” 

Our study confirms that cerebral autoregulation remains 
intact in healthy pregnancy, as we found no significant 
differences in THRR, SA, or CRCO, between the non- 
pregnant and healthy pregnant groups. In addition, perhaps 
surprisingly, we found no difference in these variables in 
patients with pre-eclampsia. This may be because all our 
pre-eclamptic patients were asymptomatic, and therefore, 
can be supposed to have had only mild disease. None of the 
pre-eclamptic women we studied went on to suffer an 
eclamptic seizure. Our study procedure required a carotid 
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ultrasound scan in the department of radiology before 
investigation of the patient’s cerebral haemodynamics. We 
were therefore unable to investigate severe pre-eclamptics 
as they were either confined to the labour suite, or 
underwent urgent Caesarean section. The carotid ultrasound 
scan in pre-eclamptic patients was performed to rule out the 
presence of any atheromatous plaques in the internal carotid 
artery, which in theory, could be dislodged during carotid 
compression for the THR test. The risk of developing 
atheromatous disease in pre-eclampsia has not been 
reported. We decided to screen pre-eclamptic patients as a 
matter of precaution because hypertension is one of the 
risk factors for developing atheromatous disease. Patients 
from other groups were not screened because they did not 
have any of the risk factors associated with atheromatous 
disease. 


CPP and CrCP 


Some studies have investigated eCPP in pre-eclamptic 
patients. Williams and Wilson’® found that mean eCPP was 
significantly lower in non-pregnant women compared with 
both healthy pregnant and (mild) pre-eclamptic women. 
Belfort and colleagues” suggested that the brain can be 
‘normally perfused, under-perfused or over-perfused’ in 
pre-eclampsia. In a different study, Belfort and colleagues”? 
also found that increasing severity of headache was 
associated with increasing eCPP. 

We found a lower eCPP in non-pregnant women com- 
pared with healthy pregnant and pre-eclamptic women. 
There was no difference between healthy pregnancy and 
pre-eclampsia. These findings are similar to those of 
Williams and Wilson,!® although the absolute values of 
eCPP in our study are different. Previously reported results 
by Belfort and colleagues,”° would suggest that the majority 
of the pre-eclamptics in our study had mild disease. The 
interpretation of the results of our study in conjunction with 
the previous studies, '®*°-?? would suggest that pregnancy 
leads to an increase in eCPP, with further increases in 
symptomatic, but not severe pre-eclampsia. 

The only previously published data on cerebral CrCP in 
pregnancy comes from Belfort and colleagues’ in a study of 
the effects of nimodipine and magnesium on eCPP in pre- 
eclampsia. They found that magnesium increased, and 
nimodipine reduced CrCP. Our data suggest that CrCP is 
reduced in the latter stages of healthy pregnancy, compared 
with non-pregnant women. This results in increased eCPP in 
healthy pregnancy despite an unchanged MAP. However, in 
pre-eclampsia the CrCP increases, probably as a result of 
increased vascular tone, so that despite a significant increase 
in MAP, the level of eCPP remains unchanged. 

What is the clinical significance of our results? As 
cerebral autoregulation and CRCO, are preserved in healthy 
pregnancy and in asymptomatic pre-eclampsia, these groups 
of patients should be able to tolerate moderate changes in 
E'co, or MAP under anaesthesia. Healthy pregnancy is 


associated with increased eCPP, which 1s a result of a 
decrease in downstream CrCP. In pre-eclampsia, an 
increase in MAP is also associated with an increase in 
downstream pressure, therefore CPP is maintained. The 
hypotensive agents used in pre-eclampsia may affect CrCP 
in varying manner. It would be logical to use agents that 
affect MAP and CrCP in a similar fashion so the CPP is 
maintained. Therapies that reduce MAP but not CrCP will 
reduce cerebral perfusion. Further work needs to be done in 
this field, both to study the effects of severe/symptomatic 
pre-eclampsia upon the cerebral circulation, and the 
effects of the various anti-hypertensive drugs used in its 
treatment. 
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Background. Defluorination of sevoflurane is catalysed by the hepatic enzyme cytochrome 
P450 2E! (CYP2E1). Data about the ontogenesls (developmental variations In activity) of this 
enzyme suggest a low metabolism of sevoflurane during the first months of life. 


Methods. To test this hypothesis, 45 children less than 48 months of age undergoing sevoflur- 
ane anaesthesia were enrolled In a prospective open clinical trial. The 24 h urine fluoride 
excretion was measured in five groups of children (A, <4 months; B, 4 to <8 months; C, 8-12 
months; D, >12—24 months; and E, >24—48 months old). An Index of sevoflurane metabolism 
(ISM) was calculated as the ratio of fluoride excretion, cumulative expiratory sevoflurane con- 
centrations measured every minute during anaesthesia, and body surface area. ISM values were 
median (IQ 25-75%). 


Results. ISM was lower in group A (n=9, 18.9 (11.2-29.5) than group C (n=!1, 44.2 
(37.5-53.5), P<0.05), group D (n=7, 52.6 (45.8-68.4), P<0.01) and group E (n=9, 53.6 
(50.7—-85), P<0.001). Median ISM expressed as a function of median age, exponentially increased 
with a rapid increase during the first months of life, followed by a slower increase after 10 
months of age. 


Conclusion. These results suggest that, in children less than 48 months, sevoflurane metabol- 
ism parallels postnatal development of CYP2EI. 
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Sevoflurane is a volatile halogenated gas, widely used for 
the induction and maintenance of anaesthesia in children.' 
Sevoflurane 2-5% undergoes hepatic biotransformation to 
inorganic fluorides and hexafluoroisopropanol (HFIP). 
Fluorides peak in the plasma within 30 min of the end of 
sevoflurane administration and are eliminated ın the urine.” 
Cytochrome P450 2E1 (CYP2E1) is the major liver enzyme 
catalysing defluorination of sevoflurane,’ and accounts in 
adults for 1-10% of total hepatic CYP proteins. However, 
its activity is very low during the neonatal period, increasing 
during the first hour after birth and then gradually increases 
during the first year of life to reach the adult value in 
children aged 1-10 yr.® The data suggest a lower rate of 
defluorination of sevoflurane would occur in small children 
than ın adults. 

This study was undertaken to explore the effect of 
age on the metabolism of sevoflurane in small children, 


by measuring the postoperative fluoride urinary excre- 
tion, 


Methods 


After institutional human investigation committee approval 
and informed parental consent, 45 (11 female/34 male) 
children ASA physical status I or IT, less than 48 months of 
age undergoing anaesthesia by inhalation of sevoflurane 
during elective surgery, were enrolled in this prospective, 
open, non-randomized clinical trial. Children with impair- 
ment of hepatic, cardiac or renal function, or those receiving 
propofol during induction or maintenance, were not 
included in the study. Children older than 5 months were 
given oral or rectal midazolam 0.3 mg kg™', 20 min before 
anaesthesia that was induced by inhalation of sevoflurane 
7% in nitrous oxide/oxygen (Flp,=0.5). After 1.v. catheter- 
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Table 1 Physical characteristics of the patients Results are medians (interquartile range 25-75%) BSA, body surface area. Exposure corresponds to the sum 
of expiratory sevoflurane concentrations measured every munite during anaesthesia. ISM was calculated as indicated im the data analysis section. Comparison 


between groups by Kruskal-Wallis analysis compared with group A: *P<0 05, **P<0 01, ***P<0 001, compared with group E: *P<0,05 





Age (months) 
Weight (kg) 
BSA (m°) 
Sex (F/M) 


Duranon of ansesthesia (min) 


Exposure (% min) 
Exposure (MACzoure) 


Unnary fluoride concentration (umol litre“! 
ISM (% umol 9%! min m?) 


Group (n7) 
A (9) 


24 (2-32) 

4.9 (42-57) 

0 28 (0.25-0.31) 
29 

96 (68-190) 
215 (193-339) 

1 19 (1 07-1.88) 
33 5 (30 4-42) 
18.9 (11 2-29 5) 





B (9) 


5 1 (475) 
67 (6 5-7.5) 
035 (0.34-0 38) 
1/8 

166 (100-215) 
301 (246-435) 
17X1 46-2 55) 
105 (79-155) 

26 9 (21.4-48.1)* 


C (11) 


9 (8.2-9.5) 

9 (8 7-9.9) 

0.43 (0 42-0 47) 
1/10 

163 (147-204) 
405 (334-493) 

2 41(1.99-2 94) 
116 (91 9-145)* 
44 2 (37 5-53 5)* 


DM 


18 3 (16-21 5) 

12 (105-12 2) 

0 54 (0.49-0.55) 
3/4 

130 (91-160) 

293 (177-398) 
1.88 (1 13-2 55) 
156 (108-166 3)** 
52 6 (45 8-68 4)** 


E (9) 


28 7 (28-38) 

13.5 (13-15) 

0 59 (0.57-0 65) 
3/6 

123(117-157) 

339 (250-343) 
2.17(1 6-2 29) 

121 (104-174.6)*** 
$3 6 (S0.7-85)*** 
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Fig 1 Individual points (7=45) for the ISM, groups A (<4 months), B (4 
to <8 months), C (8-12 months), D (>12-24 months), and E (>24 
months) 


ization, dextrose 1% isotonic sodium chloride was infused 
peroperatively at 25 ml kg during the first hour, then 83 ml 
h! m”, The airway was managed with a laryngeal mask or 
tracheal tube as indicated by the surgery. No neuromuscular 
blocking agent was administered. Sevoflurane administra- 
tion was adjusted as clinically indicated. Immediately after 
induction of anaesthesia, i.v. acetaminophen 30 mg kg™ 
was administered and followed by 15 mg kg™ orally every 
6 h. Intra-operative analgesia was given intravenously or by 
regional anaesthesia performed before the surgical incision. 
For postoperative analgesia, intermittent i.v. nalbuphine 
0.2 mg kg or continuous i.v. morphine 20-40 ug kg’ h” 
was used. Dextrose 5% infusion (83 ml h! m® with 
electrolytes was used postoperatively until the patient was 
able to eat normally. 


The bladder was emptied after induction of anaesthe- 
sia by manual abdominal pressure. If a urinary catheter 
was not required, a bag was stuck on the skin for 
urinary collection during the first 24 h after the 
beginning .of sevoflurane anaesthesia. The child was 
only included in the study at the time of the urine 
collection if no urine leakage was observed during this 
period. It was necessary to screen 70 children before 
definitively including 45 patients in the study because of 
urine leakage during the 24-h urine collection. 

After mixing and measuring the 24-h urine collection, a 
sample was frozen at -20°C until measurement of fluoride 
concentration. The fluoride urine concentrations were 
determined with an ion-selective electrode.’ Its perform- 
ance was checked by an Interlaboratory Control program, 
managed by the Canadian toxicologic centre in Quebec 
(CHUQ, Sainte-Foy). The intra-essay coefficient of vari- 
ation was 1.24, 0.21 and 0.48% for fluoride concentrations 
of 13, 53, and 133 uM, respectively. The inter-essay 
coefficient of variation was 4 and 4.2% for fluoride 
concentrations of 64 and 223 uM, respectively. 

The ISM was calculated using the urinary fluoride 
excretion during the first 24 h, the exposure to sevoflurane, 
and the body surface area, as follows: 


ISM=100X(FX U)(EXS) 


with F being urine fluoride concentration (um litre), U 
being 24-h urine volume (litre), E being exposure to 
sevoflurane (% min), and S being body surface area (mô 
[calculated using (4W+7)/(W+90), where W is weight (kg)]. 

The exposure to sevoflurane (E) was estimated by the sum 
of the expiratory sevoflurane concentrations that were 
measured every minute during sevoflurane administration. 
Measurements were made using an infra-red based, multi- 
gas module (SAM module, Marquette electronics™, 
Milwaukee, USA) and sidestream sampling with a flow 
rate of 250 ml min“. Rise time (delay before automatic 
return to zero to avoid contamination of measurement by 
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Age (months) 


Fig 2 Relation between the median values of the ISM and the median 
values of age (months) ın groups A (n=9, <4 months), B (n=9, 4 to <8 
months), C (m=11, 8-12 months), D (n=7, >12-24 months), and E (n=9 
>24 months). ISM was calculated as indicated in the data analysis 
section Non-lmear regression (ISM=55 e? '575 #8, R29 98) 


previous sampling) was less than 600 ms and the accuracy 
equal to 5% of the reading. , 

- Data are expressed as medians (interquartile range 
25-75%). The ISM were compared in five groups of 
children (A, <4 months of age; B, 4 to <8 months; C, 8-12 
months; D, >12-24 months; and E, >24 months) using 
Kruskal-Wallis analysis of variance. P<0.05 was con- 
sidered statistically significant. If P was significant, 
Kruskal-Wallis analysis was followed by a Dunn’s multiple 
comparison test. 

Statistical analysis was performed on the Statview® 4.5 
software (Abacus Concepts Inc., Berkeley, CA, USA). A 
relation between the median values of ISM and the age of 
each group was searched for by non-linear regression 
analysis using Prism, version 3.02 (Graph Pad software 
Inc.). 


Results 


The physical characteristics of the patients are given in 
Table 1. No significant differences between groups in 
exposure to sevoflurane (duration of anaesthesia, real 
cumulative exposure, or MACnour exposure) were found 
(Table 1). Median expiratory concentration was 2.3 
(1.9-2.7)%. Fluoride urine 24 h concentrations and ISM 
varied in the five groups: the younger the children, the lower 
the ISM values. Individual data for ISM are shown in 
Figure 1. The relationship between age and ISM was best 
predicted by non-linear manipulation. The plot of median 
ISM as a function of the median age for each group, showed 
an exponential increase in ISM with age, with a curve 
linearity suggesting an allometric model (i.e. a linear 
relation between ISM and age after double logarithmic 
transformation) (Fig. 2). To confirm this hypothesis, median 








T 
0.0 0.5 1.0 1.5 
Log (age) (months) 


Fig 3 Double logarithmic transformation of age and ISM Linear 
regression analysis (R? 0.59) of 45 individual pots with slope 0.52 
(0,07) and y-axis intercept=1.09 (0.07). 


and individual values of age and ISM were normalized by 
double logarithmic transformation. Thereafter, median 
values of ISM and age were highly correlated by linear 
regression analysis (R? 0.98). The plot of individual data of 
ISM and age after allometric transformation (Fig. 3) also 
showed a linear relationship, despite a lower correlation 
coefficient, that was explained by the interindividual 
variability. 


Discussion 
The natural log relationship of fluoride urinary excretion to 
age after sevoflurane anaesthesia in small children, suggests 
an allometric evolution of the metabolism of sevoflurane 
during the three first years of life, characterized by a low 
sevoflurane metabolism during the first 3 months, followed 
by an increase in the rate of defluorination until 10 months 
of age. Allometry is used to describe the change in relative 
size of two physiological variables during growth or 
evolution.® It is frequently observed in the evolution of an 
organism’s morphology and means that the variations 
during development of physiological variables are linearly 
related only after double logarithmic transformation. Such a 
relationship between ISM and age suggests that sevoflurane 
metabolism parallels postnatal development of CYPE21. 
Data concerning the metabolism of sevoflurane in 
children are limited to two previous studies.’ Those 
findings were correlated with our study: they have, 
respectively, shown smaller plasma fluoride peaks between 
land6 months,’ and a lower area under the curve of plasma 
fluoride in children aged from 1 to 12 yr,” than ın adults. 
Fluoride production is related both to the administered 
dose of sevoflurane and to the CYP2E1 level activity.!° 
Fluoride urinary excretion probably reflects more accurately 
the fluoride production than plasma concentrations, and has 
been used to demonstrate the role of CYP2E1 in the hepatic 
biotransformation of sevoflurane.’' However, the use of 
urinary excretion standardized to sevoflurane exposure and 
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body surface area in this study is original and has not been 
validated previously. The concept was guided by the need to 
take into account both variable exposures to sevoflurane, 
and physiological variables that are better indexed to body 
surface area than to body weight. 

A limitation of our conclusion is the existence of 
extrahepatic metabolism of sevoflurane,'* explained by 
the expression of CYP2E1 in the lung, small intestine, and 
brain, albeit to a lesser extent than in the liver.> In human 
hepatic microsomes, the rate of defluorination of sevoflur- 
ane has been shown to be well-correlated with liver 
CYP2E1 activity and selective inhibition.“ 

One of the clinical implications of the present study is 
that sevoflurane is the first substrate of CYP2E1 that could 
be used as an in vivo probe of its activity in children. Until 
now, chlorzoxazone, a centrally acting neuromuscular 
blocking agent, remained the only in vivo probe for 
CYP2E1 phenotyping in adults.'* Because of the absence 
of pharmacological data, its safety in childhood has not been 
established. Several factors regulate CYP2E1 activity. 
Developmental expression is one of the keys factors. 
CYP2E1 is absent or barely detectable in the fetal liver, 
developing post-natally. Ontogenesis relates to the devel- 
opmental variation in enzyme activity during growth. 
Knowledge of the ontogenesis of CYP2E1 resulted from 
in vitro studies using post-mortem liver samples from 
children of varying postnatal age.° Further implications of 
the immature metabolism of sevoflurane ın infants and small 
children relate to nephrotoxicity from fluoride production. 

More than 100 specific exogenous substrates of CYP2E1 
have been identified, in addition to a number of endogenous 
ones.> * Low CYP2E1 activity could be protection against 
the toxicity of drugs or compounds that undergo activation 
by CYP2EI to produce metabolites that are cytotoxic or 
genotoxic, such as halothane and acetaminophen. Oxidative 
hepatic metabolism of halothane by CYP2E1 mediates an 
immune-based fulminant hepatic necrosis, because of the 
production of a reactive trifluoroacetyl halide. The lower 
incidence of this rare but fatal side-effect in children,!® 
rather than in adults, could be explained by a lower CYP2E1 
activity. The toxicity of acetaminophen is related to its 
transformation by CYP2E1 in presence of overdose or 
hepatic gluthation depletion, to a toxic metabolite identified 
as N-acetyl-p-benzoquinone imine.!” In mice, this toxicity is 
delayed, if expression of the CYP2E1 is lacking.’® 
Pretreatment by propylene glycol, that inhibits CYP2EI, 
also prevents hepatic necrosis.’ It is generally accepted that 
children are less susceptible than adults to acetaminophen 
toxicity because of developmental differences in ıts metab- 
olism.!° One of these differences could be a lower CYP2E1 
activity. 

In conclusion, the allometric variation of fluoride excre- 
tion after sevoflurane anaesthesia during the first years of 
life, confirms previous in vitro data about CYP2E1 
ontogenesis. 
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Background. Postoperative morphine titration frequently induces sedation. The assumption 
is made that patients sleep when their pain is relieved. Some patients complain of persistent 
pain when they awake. We studied the time-course of sedation and analgesia to understand 
the determinants of patients’ sleep during morphine titration. 


Methods. Seventy-three patients requiring morphine titration in a post-anaesthetic care unit 
after major surgery, were studied. Fifty-two patients slept (Sleep group) and 21 did not (Awake 
group). When a patient slept during titration, morphine was discontinued. Visual analogue pain 
scale (VAS), Ramsay score (RS), and the bispectral index (BIS) were recorded at the beginning 
of titration (STonset), at sleep onset (STsleep), then 5, 10, 20, and 30 min afterwards (ST4). 


Results. In the Sleep group, mean (sD) RS increased from 1.7 (0.4) to 2.4 (0.6) (P<0.05 vs 
STonset) and BIS decreased from 95 (5.0) to 89.8 (10.2) between STonset and STsleep 
(P<0.05), RS remained stable thereafter. Conversely, RS and BIS remained unaltered in the 
Awake group. The reduction in VAS was comparable between groups (from 78 (17) to 39 (21), 
and from 64 (16) to 30.4 (11), respectively). Even though mean (sD) VAS was 39 (21) at ST4 in 
the Sleep group, 13 patients (25%) maintained a VAS above 50 mm. 


Conclusion. We observed dissociated effects of morphine on the time-course of sedation 
and analgesia with sedation occurring first, followed by analgesia. Therefore, morphine-induced 
sedation should not be considered as an indicator of an appropriate correct level of analgesia 


during i.v. morphine titration. 
Br J Anaesth 2002; 89: 697-701 
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Treatment of postoperative pain in the post-anaesthesia care 
unit (PACU) mainly relies on morphine titration, as it 
provides efficient and rapid onset of analgesia.’ Although 
the optimal dose of morphine is still a matter of debate, the 
usual recommendations for morphine titration include a 
short interval between two boluses (5~7 min) and no upper 
limit for the total administered dose.*? Among morphine- 
induced side-effects, sedation occurs in up to 60% of cases 
during morphine titration, and represents a common cause 
of discontinuation of titration for reasons of safety.? The 
assumption is usually made that patients sleep when their 
pain has been relieved. Nevertheless, some patients com- 


plain of persistent pain when they awake and morphine 
titration 1s frequently resumed. Thus, sedation might not be 
synonymous with analgesia, and might even prolong the 
time to efficient pain relief, leading to extended stays in 
PACU. 

Several behavioural scales assess depth of sedation. 
Among them, the Ramsay score (RS) is a validated and 
widely used technique.* Nevertheless, its components are 
somewhat subjective, and prone to observer bias. The use of 
this scale is easy, for 1t does not require any device, but its 
accuracy in detecting deep sedation is questionable during 
the early postoperative period. Many patients in PACU are 
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known to keep their eyes closed without being sedated. This 
corresponds to an RS of 3 in an apparently sleepy patient, 
leading to morphine discontinuation for safety reasons, 
independent of the visual analogue score (VAS) for pain? 
Therefore, we attempted to find methods measuring the 
depth of sedation in a way that avoids the observer 
interpretation of the RS and of the patient’s behaviour. 
The bispectral index (BIS) is a parameter derived from the 
electroencephalogram and has been validated in the assess- 
ment of the depth of anaesthesia? and the depth of sedation 
in the intensive care unit.°’ We felt that, as the technique 1s 
based on an analysis of electrical cortical activity, it could 
also provide a useful tool to assess the level of conscious- 
ness in awake patients. The BIS could also be useful to 
assess sedation in PACU, for it provides continuous 
information in contrast with the discontinuous assessment 
of behavioural scales. f 

Therefore, the current study was undertaken to provide a 
better assessment of the determinants of patient sedation 
during i.v. morphine titration in PACU, particularly in 
relation to the time-course of sedation and analgesia. The 
main goals of the study were to assess prospectively the 
temporal relationship between morphine titration, analgesia 
and sedation and to determine whether patients who sleep 
during i.v. morphine titration are simply sedated or are 
actually relieved from their pain. 


Methods 


After institutional review board approval (CCPPRB Pitié- 
Salpétriére), 73 patients admitted to the PACU after major 
orthopaedic or urological surgery under general anaesthesia, 
and who required i.v. morphine titration were studied. A list 
of surgical procedures considered as highly painful was 
established (i.e. spine fusion, total knee arthroplasty, total 
hip arthroplasty, ligamentoplasty, major shoulder surgery, 
pelvic surgery, total nephrectomy, and radical abdominal 
prostatectomy) before the study. 

Regional anaesthesia was an exclusion criterion. 
Anaesthetic and postoperative analgesic procedures were 
not standardized and were left to the discretion of the 
attending anaesthetists in charge of the patient, according to 
local procedures.? The only constraints placed upon 
anaesthetists were to use only sufentanil as the intraopera- 
tive opioid, and isoflurane as the volatile anaesthetic. 
Postoperative analgesia consisted mainly of a combination 
of propacetamol and ketoprofen (when not contraindicated) 
and morphine. 


Local procedure for morphine titration 


According to our local procedure,” morphine titration was 
initiated when the pain VAS was higher than 30 mm on a 
100 mm scale. Patients received oxygen via a facial mask at 
the rate of 5 litre min”’. Boluses of i.v. morphine were 3 or 2 
mg when patient’s weight was above or below 60 kg, 


respectively. The interval between boluses was 5 min, 
without an upper dose limit. Morphine titration was 
discontinued when VAS was inferior to 30 mm, in case of 
side-effects such as nausea and/or vomiting, respiratory 
depression (Spo, <92%, ventilatory frequency rate <10), or 
occurrence of deep sedation (eyes closed >3 min, RS >2). 
An RS on a 6-point scale was used (1=anxious and agitated 
patient; 2=cooperative patient; 3=asleep patient, brisk 
response to loud voice; 4=asleep patient, sluggish response 
to loud voice; 5=no response to loud voice; score of 6=no 
response to pain). 

Among the 73 patients included, there was a group of 
patients who slept (Sleep group: eyes closed >3 min, RS >2) 
in whom 1.v. morphine was discontinued, and a group of 
patients who did not sleep (Awake group). Morphine was 
not discontinued in the Awake group. The Awake group was 
designed to serve as a control group to assess the quality of 
BIS monitoring and to compare BIS and electromyographic 
(EMG) changes among patients who slept and those who 
stayed awake. 

All patients were observed using a BIS monitor (A-2000 
monitor, Aspect MS®, Leiden, The Netherlands). When a 
patient slept while receiving morphine, its administration 
was discontinued. The following variables were recorded: 
BIS value, RS, VAS, arterial oxygen saturation (Spo,), 
ventilatory frequency (VF), and the EMG recorded on the 
BIS monitor. We proceeded in the following order. First, the 
BIS and EMG values were recorded when the patient was 
asleep. Then, the patient was awoken and we assessed the 
RS. Finally, the VAS for pain was scored. After this, the 
patient usually fell asleep again. In the Sleep group, these 
variables were assessed just before the onset of titration 
(STonset), when patients started to sleep (STsleep), then 5 
(ST1), 10 (ST2), 20 (ST3), and 30 min (ST4) after the onset 
of sleep. In the Awake group, the same variables were 
recorded just before the onset of titration (ATonset), then at 
5 (ATO), 10 (AT1), 20 (AT2), 30 min (AT3), and at the end 
of titration (AT4). 

Duration of surgery, total- intraoperative sufentanil dose, 
administration of propacetamol and of ketoprofen, delay 
between tracheal extubation and onset of morphine titration, 
total dose of morphine administered, body temperature at 
onset of morphine titration and time of sleep after morphine 
titration were also measured. 

Data are expressed as mean (SD), or as median and its 
95% confidence interval when variables were not normally 
distributed (duration of surgery, delay between extubation, 
and onset of morphine titration). Continuous variables (age, 
weight, cumulative doses of sufentanil, total dose of 
morphine administered) were analysed using the Student’s 
t-test. Comparison of two medians was performed using the 
Mann-Whitney test. Changes in VAS, BIS, Spo, ventila- 
tory frequency, and EMG were analysed using an analysis 
of variance for repeated measures and a Bonferroni 
correction. The RS was analysed using Kruskall—Wallis 
test. Comparison of two numbers was performed using the 
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chi-squared test. All P values were two-tailed and a P value 
of <0.05 was considered significant. Analyses were per- 
formed on a computer using NCSS 6.0 software (Statistical 
Solutions Ltd., Cork, Ireland). 


Results 


Seventy-three consecutive patients admitted to the PACU 
after major orthopaedic or urological surgical procedures 
and who received an i.v. morphine titration were studied. 
Among these patients, 52 slept (Sleep group) during 
morphine titration and 21 did not (Awake group). 


Table 1 Patients characteristics. Values are mean (SD or range) {and per 
cent} or median and [95% confidence interval] *P<0.05 vs Sleep group 


Sleep group Awake group 
(nxx52) (n=21) 

Age (yr) 53 (19-85) 53 (25-88) 
Weight (kg) 70 (13) 70 (16) 
Female (%) 31 {60} 5 {24}* 
Male (%) 21 {40} 16 {76}* 
Urological procedures 

Radical abdominal prostatectomy 3 6 

Nephrectomy “~ 2 
Orthopaedic procedures 

Spine fusion 11 3 

Upper limb z 3. 1 

Lower umb 7 31 9 
Duration of surgery (min) 170 [60-275] 110 [60-175]* 
{ntraoperative sufentanil dose (ug) 53 (28) 42 (19) 
Propacetamol (%) 47 {90} 21 {160} 
Ketoprofen (%) 15 {29} 3 {14} 
Delay between extubation and titration 66 (36) 61 G7) 

(min) ' 
Body temperature (°C) 36.2 (2 5) 35.8 (0 8) 
Total morphine dose (mg) 14 (8) 14 (8) 
VAS at titration onset 78 (17) 64 (16)* 


Patients’ characteristics, surgical data, onset time of mor- 
phine titration, and total administered dose of morphine, are 
shown in Table 1. There were significantly more men and 
the surgical duration was shorter ın the Awake group 
compared with the Sleep group. In the Sleep group, the 
mean time to the sleep onset of initiation of morphine 
titration was 22 (10) min. 

Values of RS were comparable with Tonset in both 
groups. The changes in RS were statistically different in the 
Sleep group compared with the Awake group. The RS 
increased in the Sleep group from 1.8 (0.4) at STonset to 3.2 
(0.6) at ST2 then remained stable afterwards until ST4. 
Conversely, the RS remained unaltered throughout the 
whole study period (1.9 (0.3) at ATonset, 2.0 (0.4) at AT2, 
and 2.0 (0.4) at AT4) in the Awake group (P<0.05 vs Sleep 
group). Similarly, BIS was comparable at Tonset in both 
groups. Then, BIS dropped in the Sleep group (Fig. 1), 
whereas it remained stable throughout the study period in 


the Awake group (P<0.05 vs Sleep group). 


The time-course of VAS for pain was comparable in the 
Sleep and Awake groups (Fig. 1). Nevertheless, at STsleep, 
VAS was still 47 (19) mm in the Sleep group. Even though 
mean VAS at ST4 was 39 (21) in the Sleep group. 13 


- patients in this group (25%) still had a VAS above 50 mm, 


14 patients (27%) a VAS of 30-49 mm and 25 patients only 
(48%) had a VAS below 30 mm (Fig. 2A). Individual 
analysis revealed that the patients who maintained a VAS 
above 50 mm after Tonset were the same at ST2, ST3, and 
ST4. However, the same analysis by sub-groups of VAS 
(below 30 mm, between 30 and 49, and above 50 mm) 
performed at AT2, AT3, and AT4 in the Awake group 
showed a constant and regular decrease of VAS over time 


(Fig. 2B). 
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Fig 1 Evolution of the BIS and of VAS in the Sleep and Awake groups. Values are mean (SD) In the Sleep group, BIS and VAS were assessed just 
before the onset of titration (STonset), when patients started to sleep (STsleep), then 5 (ST1), 10 (ST2), 20 (ST3), and 30 min (ST4) after the onset of 
sleep. In the Awake group, BIS and VAS were recorded just before the onset of titration (ATonset), then at 5 (ATO), 10 (AT1), 20 (AT2), 30 min 
(ATS), and at the end of titration (AT4) (A) BIS and VAS evolution in the Awake group: BIS value remained stable over the entire study period and 
VAS decreased regularly over time. (B) BIS and VAS evolution ın the Sleep group: BIS decreased from 95 (5) at STonset to 90 (10) at STsleep then 
remamed on a plateau until ST4 (P<0.05 vs Sleep group) The time-course of VAS was comparable with the evolution of VAS observed in the Awake 


group. 
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Fig 2 Division into subgroups, according to VAS Values are percentages Patients ın the Sleep group were separated into three subgroups according 
to their VAS, 10 (ST2), 20 (ST3) and 30 (ST4) min after onset of sleep. Similarly, the same analysis by subgroup was performed among the patients 
of the Awake group 20 (AT2) and 30 (AT3) min after the onset of morphine titration as wel] as at the end of titration (AT4). In the Sleep group (a), 
analgesia progressively unproved over time in 25% of patents Then, at ST4, VAS was below 30 mm in 48% of patients. Conversely, 25% of patients 
in Sleep group had a persistent high level of VAS, not decreasing over time. In the Awake group (B), a constant decrease ın the percentage of patients 
with a VAS above 30 mm was observed over time. In the Awake group at AT4, VAS was below 30 mm ın 95% of the patients 


The VF did not change significantly over the study period 
(15 (4) vs 14 (4), P ns) and no significant intergroup 
difference occurred. Similarly, the Spo, did not change 
significantly, nor was Spo, significantly different between 
the Sleep and Awake groups (99 (2) vs 99 (2), P ns, 
respectively). The EMG significantly decreased over time 
between STonset/ATonset and ST4/AT4 in both groups 
(from 56 (13) to 43 (10) in Sleep group, P<0.05 ST4 vs 
STonset; from 51 (8) to 46 (7), P<0.05 AT4 vs ATonset), 
but no significant intergroup difference was found. 


Discussion . 
The current study suggests that sedation during morphine 
titration occurs before patients have been completely 
relieved from their pain (as mean VAS at sleep onset was 
~50 mm), and that sleep encountered during morphine 
titration is mainly related to the sedative properties of 
morphine. The second important finding of this study is that 
among patients in whom morphine titration 1s discontinued 
because of sedation, 25% still bear a high level of pain (VAS 
>50 mm) whereas only 50% have satisfactory pain relief 
(VAS <30 mm). 

Sedation during i.v. morphine titration occurs in up to 
60% of patients in PACU.’ This sedation is often arbitrarily 
attributed to the occurrence of an adequate level of 
analgesia, for the patient who sleeps does not spontaneously 
express any pain. Nevertheless, the meaning of this sedation 
is not obvious, as many causes of sedation, such as an 
incomplete elimination of general anaesthetics and/or intra- 
operative opioids, exist in the PACU that might interfere 
with or potentiate the effects of i.v. morphine titration. In 
our study, this factor is unlikely to be important for there 


was a long delay between tracheal extubation and the onset 
of morphine titration (~1 h in both groups). Nevertheless, 
the duration of surgery in the Sleep group was greater than 
in the Awake group and a larger dose of sufentanil was 
given and presumably a larger dose of isoflurane. Therefore, 
the patients who had a longer anaesthetic might be more 
likely to fall asleep when given the same dose of morphine 
as those receiving a shorter anaesthetic. Finally, morphine 
itself might also induce deep sedation.®° Therefore, occur- 
rence of sedation during morphine titration does not 
necessarily imply that patients are relieved from their 
pain. In fact, the current study showed that at sleep onset 
during morphine titration, the VAS remained high (~50 
mm). 

The current study also identified three subgroups of 
patient among those who slept during titration: patients 
completely (VAS <30 mm), imperfectly (VAS between 30 
and 50 mm) or not (VAS >50 mm) relieved at all from their 
pain, 30 min after morphine discontinuation. This last 
subgroup accounted for 25% of the patients who slept. An 
individual analysis (data not shown) showed that these were 
the same patients who had a VAS above 50 mm, 10, 20, and 
30 min after the onset of sleep. Therefore, when a patient 
falls asleep while receiving morphine titration, failure of 
analgesia might probably be predicted early, when the VAS 
remains elevated 10 min after onset of sleep. 

According to our local procedure, the PACU nurses 
discontinued i.v. morphine titration when the RS became 
greater than 2.* This cut-off value was arbitrarily chosen for 
safety reasons, in order to avoid very deep sedation and 
respiratory depression.* Nevertheless, neither respiratory 
depression as measured by Spo, and ventilatory frequency, 
nor deep sedation (RS >4) was ever observed during the 
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study period. Furthermore, in a previous study on 1200 
patients, only one was given naloxone to reverse respiratory 
depression.’ It is possible that a cut-off value of the RS at 
three instead of two might allow patients to receive a little 
more morphine providing a better pain relief with no or little 
increment of respiratory depression. At the present time, 
however, no study currently supports this hypothesis from a 
safety point of view. 

Interference between electroencephalographic activity 
and EMG is probably a major pitfall during BIS monitoring 
and has been reported previously as providing a false 
elevation of BIS values in anaesthetized patients.’ Also, 
BIS is usually artificially overestimated by the EMG activity 
in sedated and ventilated patients in the intensive care unit.’ 
This overestimation is not predictable and might therefore 
represent a possible bias in the interpretation of the BIS 
value in awake. patients. As EMG activity is generally 
elevated in awake patients in PACU, the Awake group was 
designed as a control group in whom patients remained not 
sedated during morphine titration. Therefore, we could 
compare the changes in EMG in both the Sleep and Awake 
groups and then assess the influence of EMG on the BIS 
recording in these two groups. We did not find any 
significant difference in EMG between the groups. The 
results from the current study confirm that alteration in the 
EMG activity does not account for the decrease in the BIS 
observed in the Sleep group. The current study suggests that 
BIS monitoring might represent an interesting alternative to 
the RS in the assessment of depth of sedation in the PACU. 
The main value of the BIS over the RS is that it provides a 
continuous assessment of the sedation level. 

Nevertheless, factors other than EMG activity limit the 
interpretation of the BIS in the intensive care unit and 
PACU. Hypothermia,'' shivering, poor signal quality 
(quality index signal <50%), spontaneous patient move- 
ments inducing signal loss, electrical interference from the 
forced-air warming systems’? or pacemakers’ are possible 
causes of misinterpretation of the BIS signal. In the current 
study, temperature was monitored and patients had a mean 
temperature of 36.2 and 35.8°C in the Sleep and Awake 
groups, respectively, which is compatible with an accurate 
recording of the BIS.'* We also considered possible 
electrical interference, and we particularly avoided the use 
of any forced-air warming blanket. 

In conclusion, the current study provides new insights 
into the mechanisms of action of morphine during i.v. 
titration for acute postoperative pain in PACU. First, we 
showed that when patients sleep during morphine titration, 
sedation and analgesia have a different time-course, 
sedation occurring before analgesia. Secondly, only 48% 
of patients who sleep during morphine titration are relieved 
from their pain, 27% still express moderate pain (VAS 


between 30 and 50 mm). The remaining 25% of patients still 
endure high pain scores (VAS >50 mm) 30 mun after the 
discontinuation of morphine titration. Finally, this study 
suggests that morphine-induced sedation should not be 
considered as an indirect indicator of a correct level of 
analgesia during i.v. morphine titration. 
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Background. Ropivacaine provides effective spinal anaesthesia for total hip arthroplasty. This 
study was designed to compare the efficacy and safety of plain ropivacaine with plain bupiva- 
caine for spinal anaesthesia in patients undergoing total hip arthroplasty. 


Methods. Sixty-six patients, ASA I or Il, were randomized to receive an Intrathecal Injection 
of one of two local anaesthetic solutions. Group R (n=32) received 3.5 ml of ropivacaine 5 mg 
mI! (17.5 mg). Group B (n=34) received 3.5 ml of bupivacaine 5 mg mi~! (17.5 mg). The onset 
and duration of sensory block at dermatome level T10, maximum upper and lower spread of 
sensory block and the onset, intensity and duration of motor block were recorded, as were 
safety data. 


Results, Onset of motor and sensory block was rapid with no significant differences between 
the two groups. The median time of onset of sensory block at the T10 dermatome was 2 min 
(range 2~5 min) In Group R and 2 min in Group B (range 2-9 min). The median duration of 
sensory block at the T10 dermatome was 3.0 h (range !.5-4.6 h) in Group R and 3.5 h (2.7-5.2 h) 
in Group B (P<0.0001). The median duration of complete motor block (modified Bromage 
Scale 3) was significantly shorter In the ropivacaine group compared with the bupivacaine 
group (2.1 vs 3.9 h, P<0.001). 


Conclusions, Intrathecal administration of either 17.5 mg plain ropivacaine or 17.5 mg plain 
bupivacaine was well tolerated and an adequate block for total hip arthroplasty was achieved in 
all patients. A more rapid postoperative recovery of sensory and motor function was seen in 
Group R compared with Group B. 
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Ropivacaine is an amide local anaesthetic with local 
anaesthetic properties similar to those of bupivacaine.!? It 
is presented as a single-enantiomer and has been used 
extensively for local infiltration, epidural, and peripheral 
nerve block. Extensive clinical data have shown that 
ropivacaine is effective and safe for regional anaesthetic 
techniques such as epidural and brachial plexus block.’ 
However, experience of intrathecal anaesthesia with 
ropivacaine is not as well documented. 

In a previous study we have demonstrated that intrathecal 
administration of ropivacaine (plain 18.75 and 25 mg) is 
well tolerated and provides effective anaesthesia for total 


hip arthroplasty surgery.* To our knowledge, no studies 
have compared intrathecal ropivacaine with bupivacaine, 
the standard agent, in patients undergoing major surgery. 
This study was designed to compare the safety and efficacy 
of intrathecal plain ropivacaine 17.5 mg (baricity 0.9988 at 
37°C) and plain bupivacaine 17.5 mg (baricity 0.9988 
at 37°C) in patients undergoing primary total hip arthroplasty. 


Methods 


A Clinical Trials Exemption Certificate was obtained from 
the Medicines Control Agency and approval for this 
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Intrathecal ropivacaine and bupivacine for hip arthroplasty 


Table 1 Patient characteristics and duration of surgery (median (range)) 





Roptvacaine 17.5 mg Bupivacaine 17.5 mg 
Age (yx) 66 (33-78) 67 (34-77) 
Height (cm) 170 (161-189) 168 (160-184) 
Weight (kg) 79 (64-97) 80 (60-106) 
Gender (M/F) 21/11 2212 
ASA II/O 8/24/0 1222/0 
Duration of surgery (h) 1.0 (07-26) 0.9 (0 7-2 1) 





randomized, double-blind study was granted by the 
Research Ethics Committee of the Queen’s University of 
Belfast. Written informed consent was obtained from 66 
patients who fulfilled the following inclusion criteria: 
undergoing primary unilateral total hip arthroplasty (ce- 
mented prosthesis) under intrathecal anaesthesia, ASA I-II, 
age 18-80 yr, height =160 cm, and weight 60-110 kg. 
Patients who had contraindications to spinal anaesthesia, 
allergy to amide local anaesthetics, a significant history of 
substance abuse, who had participated in clinical trials in the 
preceding 3 months, had been enrolled previously in this 
study or had significant derangement of laboratory values 
and women of child bearing potential were excluded. 

Oral premedication consisted of diazepam 10 mg and 
ranitidine 150 mg. Following arrival in the anaesthetic 
room, i.v. access was established, full non-invasive moni- 
toring applied and the patient placed in the lateral position 
with the affected hip uppermost. Following skin infiltration 
with 1% lidocaine a 20 G introducer needle was inserted at 
the L2/3 or the L3/4 interspace through which a 25 G pencil 
point needle with its opening uppermost was passed. Correct 
needle placement was identified by free flow of cerebrosp- 
inal fluid and 3.5 ml (17.5 mg) study drug was injected over 
10 s. Group R received plain 0.5% ropivacaine, Group B 
received plain 0.5% bupivacaine. The local anaesthetic 
solutions were presented in identical numbered ampoules to 
ensure blinding. The spinal needle was removed and the 
patient placed supine to carry out the initial assessments. 
Following completion of these and before the commence- 
ment of surgery, patients were returned to the lateral 
position and a continuous i.v. infusion of 1% propofol 
started. The rate of this infusion was adjusted to render the 
patients drowsy but rousable. Surgery was commenced 
within 45 min of the administration of the study drug. 

The upper and lower spread of sensory block was 
determined bilaterally using loss of sensation to ice. The 
dermatomes were identified by reference to a standard 
diagram. Sensory block was assessed at 2 and 5 min post- 
injection and at 5-min intervals thereafter until two 
consecutive levels of sensory block were identical. 
Assessments were continued at 30-min intervals following 
the completion of surgery until normal sensation returned. 
The degree of motor block in the non-operative leg was 
assessed at the same time points as sensory block using a 
modified Bromage scale (0=no motor block, 1=inability to 


raise extended legs, 2=inability to flex knees, and 3=inabil- 
ity to flex ankle joints). Assessment of motor block ceased 
once normal motor function returned. Heart rate and arterial 
pressure were recorded using standard non-invasive moni- 
tors before intrathecal injection and thereafter at 5, 10, 15, 
20, 25, 30, 45, and 60 min, then hourly until 8 h post- 
injection. 

The time to first request for postoperative analgesia and 
the total morphine consumption in the first 24 h following 
surgery were noted, as well as intraoperative blood loss. 
The quality of anaesthesia as judged by the anaesthetist, the 
quality of muscle relaxation as judged by the surgeon, the 
degree of intraoperative comfort as judged by the patient 
were recorded as excellent, satisfactory, or unsatisfactory. 
Patients were followed up daily for adverse events for the 
duration of their hospital stay and again by telephone 14-21 
days post-surgery. 

A difference of 60 min in the duration of motor block 
(modified Bromage score =1) was taken to be clinically 
significant. An estimated 26 patients per group were 
necessary to detect a 60-min difference in the duration of 
motor block with an 80% power, based on a simple 
unstratified two-sample 95% t-based confidence interval for 
group comparison. The Stratified Wilcoxon (mid) rank sum 
test was used for comparison between the two groups. A P 
value of <0.05 was considered statistically significant. 


Results 


The characteristics of the two groups were comparable in 
terms of age, height, weight, gender, and ASA classification. 
There was no significant difference in the duration of 
surgery (see Table 1). Sixty-eight patients were randomized 
to the two treatment groups. Two of these patients were 
excluded from the study, both from the ropivacaine 5 mg 
ml” group: one due to withdrawal of consent before arrival 
in the anaesthetic room, the other due to spillage of the study 
drug before commencement of intrathecal injection. All 
patients were able to co-operate fully with the subsequent 
assessments. 

There was no significant difference in the median time of 
onset of sensory block at the T10 dermatome, which was 2 
min (range 2-5 min) in the ropivacaine group and 2 min 
(range 2-9 min) in the bupivacaine group. The median 
duration of sensory block at the T10 dermatome was 
significantly longer in the bupivacaine group: 3.5 h (range 
2.7-5.2 h) compared with 3.0 h (range 1.54.6 h) in the 
ropivacaine group (P<0.0001). 

There was a trend for patients in the bupivacaine group to 
achieve a higher upper dermatome level of sensory block 
but this difference was not significant (Fig. 1). The lower 
distribution of spread of sensory block was similar in both 
groups. 

Whilst there was an overall trend towards a longer 
duration of sensory block at dermatome levels other than 
T10 in the bupivacaine group, this difference was not 
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Fig 1 Upper extent of levels of analgesia in the individual patients after 
intrathecal administration of isobaric ropivacaine 5 mg ml’ or 
bupivacaine 5 mg m". Horizontal bars represent medians. No significant 
differences 


statistically significant. The duration of sensory block in 
each group is shown in Figure 2. 

The onset of motor block was rapid in both groups with a 
median onset time of 2 min to achieve a Bromage score of 1 
for both groups and a median onset time of 4 min to achieve 
a Bromage score of 2 for both groups. All patients in the 
bupivacaine group and all but one in the ropivacaine group 
achieved Bromage of at least 1. Onset of motor block was 
prolonged in some patients in both groups who failed to 
report any degree of motor block until after surgery. As no 
assessments were carried out during surgery, this delay was 
probably exaggerated. 

The median time of onset to achieve a Bromage score of 3 
was 10 min in the ropivacaine group and 8 min in the 
bupivacaine group. This difference was not significant. The 
median duration of complete motor block (modified 
Bromage Scale 3) was significantly shorter in the ropiva- 
caine group compared with the bupivacaine group (2.1 vs 
3.9 h, P<0.001). After surgery, the degree of motor block 
was lower in the ropivacaine patients compared with 
patients receiving bupivacaine (Fig. 3). At 2 h after 
intrathecal injection, 69% of the patients in the roprvacaine 
group, and 97% of the patients in the bupivacaine group, had 
a Bromage score of 3. At 4 h after injection 56% of the 
ropivacaine patients had no detectable motor block 
(Bromage score 0), whereas the corresponding figure in 
the bupivacaine patients was 12%. 

Anaesthesia was judged to be excellent in all patients, 
except for one patient in the ropivacaine group in whom it 
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Fig 2 Regression of upper dermatomal level of sensory block with time 
(median and range) after ıntrathecal administration of isobaric ropivacaine 
5 mg mI! or bupivacaine 5 mg ml’. Median duration of sensory block at 
the T10 dermatome was sigmficantly longer ın the bupivacaine group 
(P<0.0001). 


was judged to be satisfactory. No patients required 
supplemental analgesia intraoperatively. Excellent muscle 
relaxation was reported in all but one patient in each group. 
The median time to first analgesic request was significantly 
shorter in the ropivacaine group than in the bupivacaine 
group (3.4 vs 4.9 h, P<0.001). There was a trend towards 
higher morphine requirements in the ropivacaine group 
(median 54 mg, range 12-86 mg) than in the bupivacaine 
group (median 44 mg, range 7-99 mg) although this 
difference was not statistically significant. 

Both intrathecal ropivacaine and bupivacaine produced 
an initial moderate fall in arterial pressure in keeping with 
the expected sympathetic block produced by spinal anaes- 
thesia. Intraoperative hypotension requiring treatment with 
i.v. ephedrine occurred in 12% of patients in ropivacaine 
groups (range 5-35 mg) and in 26% of patients in the 
bupivacaine group (range 5-35 mg). Two patients in the 
ropivacaine group also required atropine 0.6 mg for the 


“treatment of bradycardia compared with none in the 


bupivacaine group. The most commonly reported adverse 
events during the first 24 h were oliguria, nausea, pyrexia, 
hypotension, and vomiting. These events were equally 
distributed between groups. There was no difference in the 
blood loss between the two groups (median blood loss was 
350 ml for both groups). 


Discussion 
This study shows that intrathecal administration of either 
17.5 mg ropivacaine or 17.5 mg bupivacaine was well 
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Fig 3 Motor block following intrathecal administration of isobaric 
ropivacaine 5 mg ml! or bupivacaine 5 mg ml! Numbers represent 
modified Bromage Scale. Median duration of complete motor block 
(modified Bromage Scale 3) significantly shorter in the ropivacaine group 
(P<0 001). 


tolerated and an adequate block for total hip arthroplasty 
was achieved in all patients. 

Intrathecal ropivacaine does not produce any signs of 
neurotoxicity following administration to rats.°° In dogs 
intrathecal ropivacaine has been shown to produce effective 
local anaesthesia with an equipotent sensory block but 
shorter duration of motor block than intrathecal bupiva- 
caine.’ In humans, ropivacaine has been shown to be 
effective in providing intrathecal anaesthesia for patients 
undergoing total hip replacement,’ transurethral resection of 
the prostate,® and lower abdominal or limb surgery.” 10 The 
present study is the first, to our knowledge, to compare 
intrathecal ropivacaine with bupivacaine as a sole anaes- 
thetic agent in patients undergoing major orthopaedic 
surgery. The efficacy and safety of two glucose-free 
solutions, ropivacaine 5 mg ml‘ and bupivacaine 5 mg 
ml‘, were assessed. 

In the present study, both solutions produced similar 
results in terms of onset and spread of analgesia. Both the 
ropivacaine and bupivacaine solutions exhibited variation in 
the degree of spread of sensory block, which may be 
attributed to the use of a plain solution. 


Gautier and colleagues'! compared 4 ml of intrathecal 
hyperbaric 0.2% bupivacaine (8 mg) with 4 ml of 0.2, 0.25, 
0.3, or 0.35% hyperbaric ropivacaine (8, 10, 12, or 14 mg) in 
patients undergoing knee arthroscopy. They estimated that 
the 12 mg dose of ropivacaine was approximately equiva- 
lent to bupivacaine 8 mg. Although the duration of both 
sensory and motor block was significantly shorter in the 
ropivacaine group in our study, these differences were not as 
pronounced as those seen in the above-mentioned study. 
This may reflect a difference in the dosage use, the baricity 
of the solution used, the patient position and the population 
studied. Whiteside and others’® compared equal doses (15 
mg) of intrathecal 0.5% ropivacaine ın 10 mg m1” or 50 mg 
ml” glucose in two groups of patients undergoing a variety 
of minor surgical procedures. They showed that the onset of 
sensory block to T10 was significantly faster in the glucose 
50 mg ml? group but that maximum extent of sensory 
block, time to block regression and quality and duration of 
motor block were similar in both groups. In keeping with 
our findings, all patients demonstrated sensory block 
adequate for surgery. 

In another recent study, in patients undergoing transur- 
ethral resection of the bladder or prostate, patients were 
randomized to receive either 5 ml of 0.2% isobaric 
bupivacaine (10 mg) or 5 ml 0.3% isobaric ropivacaine 
(15 mg) for spinal anaesthesia.® Despite the fact that a lower 
dose of bupivacaine was used in comparison with 
ropivacaine, there was a significant increase in the cephalad 
spread of the sensory block in the bupivacaine group. The 
degree of motor block was similar which is in accordance 
with our study, where a lower intensity of motor block was 
seen with ropivacaine than with bupivacaine with the same 
dose. 

Polley and colleagues’? investigated the minimum con- 
centration of a fixed volume of an epidurally administered 
local anaesthetic required to abolish the pain of the first 
stage of labour. They ascertained that ropivacaine is 
approximately 40% less potent than bupivacaine in this 
situation. However other investigators have failed to 
demonstrate any differences between these two agents for 
epidural analgesia in labour.'*? Whilst there has been no 
evaluation of the differences in potency of these two agents 
following intrathecal administration, the difference in the 
duration of motor and sensory block seen in our study may 
be due to differences in potency. However these differences 
were not of the same order as those detected by Polley and 
co-workers. '? 

Twenty-two per cent of patients in the ropivacaine group 
and 41% of patients in the bupivacaine group had sensory 
anaesthesia in the cervical dermatomes. This is higher than 
recorded in studies using similar doses of ropivacaine 
carried out by van Kleef and colleagues’ and by Malinovsky 
and co-workers,® but is similar to work carried out by 
McNamee and colleagues.* This may be due to a difference 
in the characteristics of the populations studied, or a 
difference in the position of the patient during the institution 
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of intrathecal anaesthesia. Sensory block in our study was 
tested using loss of sensation to ice rather than loss of 
sensation to pin-prick as used by others.° This difference in 
the method of assessment of sensory block readily accounts 
for the discrepancy between the degree of sensory block 
achieved in these two studies.'* The subgroup of patients 
with sensory anaesthesia in the cervical dermatomes did not 
demonstrate any upper limb motor weakness, respiratory 
distress, decrease in oxygen saturation, or cardiovascular 
compromise. This suggests a significant separation in the 
extent of motor and sensory block when loss of sensation to 
ice is used. Cervical sensory block to ice was not associated 
with any clinically significant adverse events. Although the 
upper extent of loss of sensation to ice only reached the T10 
dermatome in two patients in the ropivacaine group this was 
not associated with any discomfort during or immediately 
following surgery. 

Although previous studies have linked intrathecal 
ropivacaine with an increased incidence of post-dural 
puncture headache? and low back pain,’> no patient in the 
present study reported symptoms ın keeping with these two 
complications. This is in agreement with the findings of 
others.“ ® !! The headache reported in the study by van Kleef 
and colleagues” is probably due to the fact that a Quinke 
type of spinal needle was used, compared with a Whitacre- 
needle in the present study. Furthermore, hip replacement is 
commonly performed in elderly patients in whom post-dural 
puncture headache is rare. 

In terms of safety, both intrathecal ropivacaine and 
bupivacaine provided a high degree of cardiovascular 
stability with a low incidence of bradycardia. The degree 
of hypotension was felt to be predictable in an elderly 
population undergoing an operative procedure under a 
combination of spinal anaesthesia and propofol sedation. 
The hypotension seen was associated with the commence- 
ment of the i.v. infusion of 1% propofol rather than the 
institution of spinal anaesthesia.’ The most commonly 
reported adverse events, oliguria, pyrexia, hypotension, 
nausea, and vomiting, were those commonly seen in 
connection with this type of surgery and there were no 
reports of postoperative neurological problems. 
Postoperative fever is commonly seen following total hip 
arthroplasty, and bone cement may also cause fever.!’ No 
serious problems were associated with these adverse effects 
and they were treated according to hospital routine. 

In conclusion, intrathecal administration of either 17.5 
mg ropivacaine or 17.5 mg bupivacaine was well-tolerated 
and provided similar, effective anaesthesia for total hip 
arthroplasty. In an equal milligram dose, bupivacaine 
produced a more prolonged sensory and motor block. 
Intrathecal ropivacaine may prove useful when surgical 
anaesthesia of a similar quality but of a shorter duration than 
that of bupivacaine is desired. Thus, ropivacaine offers a 
reliable motor block for major orthopaedic surgery, with a 
predictable and rapid return of motor function after surgery. 
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Background. A variety of techniques and drugs, many unlicensed, is used in paediatric regio- 
nal anaesthesia. This study is the first to survey paediatric anaesthetists about the techniques 
and drugs used in paediatric regional anaesthesia. The aim is to provide a record and bench- 
mark of UK practice. 


Methods. A postal questionnalre was sent to all members of the Association of Paediatric 
Anaesthetlsts residing in the UK. Information was requested on the type of hospital worked in, 
years of practice, paediatric anaesthesia workload, regional anaesthesia techniques used, and 
drugs used in regional anaesthesia. 


Results. A total of 220 responses from 264 questionnaires (83.3%) were received. Of these 
respondents, 155 (70%) practised paediatric anaesthesia as more than 50% of their workload, 
and |0 had retired or returned blank forms. Two hundred and two of 210 (96%) use caudal 
anaesthesia and 151 (72%) use caudal, epidural and peripheral block. One hundred and ninety- 
two of 210 (91%) have no lower age limit for using caudal anaesthesia. One hundred and 
twenty-three of 210 anaesthetists (58%) used adjuvants with local anaesthetics in caudal block, 
the most common being fentanyl [44/210 (21%)], clonidine [55/210 (26%)], diamorphine [27/ 
210 (13%)] and ketamine [67/210 (32%)]. Those working in specialist centres or teaching hos- 
pitals or who had a greater paediatric anaesthesia workload were more likely to use a greater 
variety of reglonal anaesthesia techniques. 


Conclusions. Caudal anaesthesia is widely used for patients of all ages by almost all practition- 
ers. Most anaesthetists at all hospital types and experience levels use adjuvants with local 
anaesthetics when performing caudal anaesthesia. Those with more experience in paediatric 
anaesthesia and those in specialist centres commonly use other neuraxial and peripheral block 
techniques. 
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Anecdotal evidence suggests that a large variety of regional anaesthesia by paediatric anaesthetists in the UK in 
techniques and drugs, including many unlicensed for this order to present the current state of practice. 

use, is commonly used in the practice of paediatric regional 

anaesthesia. Little is known about how consultant col- 

leagues perform paediatric regional anaesthesia, especially Methods 

outside of one’s own institution. This study aimed to After approval by the Audit Department, Royal Manchester 
discover the patterns of usage of drugs and techniques in Children’s Hospital and the Secretary of the Association of 
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Table 1 Drugs added to local anaesthetic solutions in paediatric caudal anaesthesia, frequency of usage and doses used 


Drug added to local Frequency of use by 
anaesthetic 210 respondents (%) 
Epinephrine 24 (11) 

Fentanyl 44 (21) 

Diamorphine 27 (13) 

Clonidine 55 (26) 

Ketamine 67 (32) 

Bicarbonate 7 (3) 

Morphine 4 (2) 

Midazolam 1 (05) 


95% confidence Dose range (mode) 
intervals for 
percentage 
75,165 1 200,000 
157, 27.1 05-40 pg mi” (2.0 pg mr) 
8.7, 182 20-50 ug mI! (20 pg mI) 
20.4, 32.7 05-25 pg mi (2.0 pg mi) 
25.7, 387 0 25-1.00 mg mi! (0 50 mg mI’) 
1.4, 68 Not specified 
05, 4.8 50-100 pg ml™ (50 ug mI) 
0,26 0.5 pg mr 








Paediatric Anaesthetists, a postal questionnaire was sent to 
all members of the Association of Paediatric Anaesthetists 
residing in the UK. Information was sought on the type of 
hospital worked in, paediatric anaesthesia workload, years 
of practice as a consultant in paediatric anaesthesia, regional 
anaesthesia techniques used and drugs used in the practice 
of regional anaesthesia. Specific questions were asked about 
doses of drugs for which at least two articles describing their 
use in paediatric regional anaesthesia had been published in 
at least two major anaesthesia journals, based on a Medline 
search. 

A follow-up questionnaire and covering letter were sent 
to non-respondents 1 month later. Data were coded 
anonymously and entered into a Microsoft Access database 
by the Audit Department, Royal Children’s Hospital, 
Manchester. Those interpreting the data had no information 
on the identity of respondents. Statistical analysis was 
performed using SAS statistical programs and StatXact-4. 
Differences between groups were tested using Fisher’s exact 
test. Trend analysis was done using the Jonckheere—Terpstra 
test; 95% confidence intervals are given in Table 1. P<0.05 
was considered to be statistically significant. 


Results 


Replies were received to 220 of the 264 (83.3%) question- 
naires sent. No bias was detected in the characteristics of the 
respondents. Ninety-seven of 220 (44%) had more than 90% 
of their workload in paediatric anaesthesia; 155 (70%) had 
more than 50% of their workload in paediatric anaesthesia. 
Ninety-three of 220 (42%) worked in a specialist paediatric 
centre, 79 (36%) worked in a teaching hospital, 10 (5%) 
worked in both a specialist paediatric centre and a teaching 
hospital, and 26 (12%) worked in a district general hospital. 
Two were solely private practitioners. Nine respondents had 
retired and one returned a blank questionnaire. These 10 
responses were not considered ın the analysis of clinical 
practice. 

Eleven of 220 (5%) respondents practised paediatric 
anaesthesia for two or fewer sessions a week, 58 (26%) for 
3-5 sessions a week and 141 (64%) for more than six 
sessions a week. One hundred and fourteen (52%) had 
practised in paediatric anaesthesia for fewer than 10 yr and 


96 (44%) for 10 yr or more. The type of hospital worked in 
was significantly associated with the number of sessions 
devoted to paediatric anaesthesia and the percentage 
workload in paediatric anaesthesia (Jonckheere—Terpstra, 
P<0.001): specialist paediatric centre>teaching hospital> 
district general hospital. 

Of 210 practising respondents, 202 (96%) used caudal 
anaesthesia, 151 (72%) used caudal, epidural and peripheral 
nerve block, 24 (11%) used only caudal and peripheral 
nerve block, 14 (7%) used only caudal and epidural block, 
13 (6%) used caudal anaesthesia as their only regional 
technique, and 8 (4%) used no regional anaesthesia. 
Practitioners were more likely to use caudal, epidural and 
peripheral nerve block if a greater percentage of their 
workload was ın paediatric anaesthesia (Fisher’s exact test, 
P<0.001), if they had more than three paediatric anaesthesia 
sessions a week (P=0.02), or they worked in a teaching 
hospital or specialist paediatric centre (P=0.002). 
Practitioners who used only caudal anaesthesia and no 
other paediatric regional anaesthesia techniques were more 
likely to work in a district general hospital (P<0.001). 

One hundred and ninety-two of 210 practising respond- 
ents (91%) considered there to be no minimum age of 
patient suitable for caudal anaesthesia. The ten anaesthetists 
who used a minimum-age cut-off stated it as being in the 
range from 40 weeks post-conception to 3 yr. 

Of 210 practising respondents, 198 (94%) used bupiva- 
caine as the local anaesthetic in caudal anaesthesia, and 28 
(13%) used ropivacaine. Mixtures of local anaesthetics were 
used by 22 (10%). The use of adjuvant drugs for caudal 
anaesthesia is shown in Table 1. Eighty-seven respondents 
used additive drugs with local anaesthetics in peripheral 
nerve block: 59 (28%) used opioids and 30 (14%) used 
epinephrine. 

A complete set of the data in SAS and Microsoft Excel 
format can be obtained from the author. 


Discussion 

Relationships between characteristics of respondents show 
predicted internal consistencies that help to validate the 
data. The number of sessions a week doing paediatric 
anaesthesia parallels the percentage workload in paediatric 
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anaesthesia. Those working in specialist paediatric centres 
have a greater paediatric workload than those in teaching 
hospitals, who in turn have a higher workload than those in 
district general hospitals. The number of years of practice as 
a paediatric anaesthetist did not vary between groups. 

Members of the Association of Paediatric 
Anaesthetists were chosen as the target of the survey. 
Although their practice might not represent the practice 
of all anaesthetists in the UK, as consultants in 
paediatric anaesthesia, it could reasonably be considered 
as representative of the practice and opinions of experts 
in paediatric anaesthesia in the UK. This special interest 
could explain the high response rate to the question- 
naire: 220 of 264 (83.3%). 

Caudal anaesthesia, used by 96% of respondents, is the 
most widely used of the regional anaesthesia techniques in 
children. It is a relatively easy and safe technique, with a 
rate of catastrophic complications of about 1:40 000! and an 
overall rate of complications of 1.5:1000.” There is an 
increased risk of complications, especially unrecognized 
intravascular and intraosseous injections, in children weigh- 
ing less than 10 kg.? This explains the reluctance of some to 
use this technique in the very young, although this study 
shows that the majority (91%) of anaesthetists have no 
lower age limit for patients to receive caudal anaesthesia. 
This reflects previously described practice in which caudal 
blocks were the most common, accounting for nearly 60% 
of all regional blocks and were performed in all age groups.” 
Of the eight anaesthetists not using caudal anaesthesia, six 
were in subspecialties for which they considered it 
inappropriate (cardiac, burns and ambulatory), although 
the use of caudal anaesthesia in these subspecialties is well 
documented. No information was sought on whether the 
regional anaesthesia was used primarily for intraoperative 
or postoperative considerations. It is assumed that those who 
added adjuvants to their local anaesthetic solutions did so to 
alter the quality of or to prolong the analgesia, which would 
be useful in the postoperative phase. 

Bupivacaine is the most commonly used local anaesthetic 
drug in paediatric regional anaesthesia. Its long action, 
availability and well-documented use out-weigh its toxic 
effects. Particular care must be taken in dosing and re- 
dosing infants.* Ropivacaine is also used commonly and its 
. use may be growing in popularity. Ropivacaine has been 
shown to be as effective in paediatric caudal anaesthesia,” to 
have fewer side-effects, and less cardiac® and central 
nervous system’ toxicity than bupivacaine. 

The drugs most commonly added to local anaesthetic 
solutions—opioids,® clonidine,’ and ketamine,'°—have all 
been shown to increase safely the duration and quality of 
analgesia when administered neuraxially with local anaes- 
thetics. Few anaesthetists use morphine as an agent for 
caudal anaesthesia: 4 of 210 (2%), compared with 27 (13%) 
who use diamorphine and 44 (21%) who use fentanyl, even 
though far more literature exists discussing the use of 
morphine in paediatric regional anaesthesia, and its 


neuraxial mechanism is better understood. Lipophilic 
opioids such as diamorphine and fentanyl may have fewer 
side-effects for an equi-analgesic dose but still require 
postoperative respiratory monitoring. S(+)-ketamine has 
been used as a sole agent for caudal analgesia with good 
effect and minimal side-effects." 

One hundred and seventy-five of 210 (84%) of respond- 
ents use peripheral block and 59 (28%) added opioids to the 
local anaesthetic solution. No attempt was made in this 
survey to determine which peripheral blocks were used. 
Evidence for the use of adjuvants in peripheral local 
anaesthetic block is inconsistent and the topic is little 
studied in children. Combining opioids!” or clonidine”? and 
local anaesthetics for peripheral nerve blocks does not 
appear to be consistently effective. Opioids combined with 
local anaesthetics have proven to be of clinical benefit when 
used for infiltration’* or intra-articular injection,!> where 
they can act on the peripheral opioid receptors, which are 
primarily found at the distal terminals of afferent fibres. 
Clonidine, in addition to its primary site of action as an 
agonist at central alpha-2 adrenoceptors, may also enhance 
peripheral block by a direct depressant effect on A- and C- 
fibre conduction. 

There is a large similarity in the techniques and drugs 
used, although environment influences the types of regional 
anaesthesia blocks used. Those who have a greater part of 
their practice in paediatric anaesthesia or who work in 
specialist paediatric centres or teaching hospitals are more 
likely to perform a greater variety of blocks. This may be 
because they have more opportunity to develop a large 
repertoire of techniques or because they work in an 
environment more conducive to expanding their technical 
practice. Having more experienced colleagues and peri- 
operative support could provide the confidence needed to 
use a wide range of techniques. Interestingly, the use of 
drugs and adjuvants is not related to site or extent of 
paediatric practice. Use of drugs can be learned easily from 
reading and discussion or extrapolated from adult practice 
and is a skill that is highly transferable between practition- 
ers. Development of manual skills requires practice and a 
supportive environment and as such is not a highly 
transferable skill so may be more difficult to develop in a 
relatively isolated setting. 

There is a need for further study on the safety profiles and 
dose-response characteristics of drugs that are added to 
local anaesthetic solutions for neural block, especially 
ketamine, which is commonly used but unlicensed, and 
diamorphine, which is commonly used but little studied. 
The use of additives in peripheral block needs much 
investigation. It would also be interesting to see if skill- 
based knowledge, such as block technique, is affected by 
hospital variables such as perioperative facilities and 
policies or skills of one’s colleagues. Insight into this has 
implications for teaching and learning of skills for 
anaesthetists at all levels. 
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Background. Postherpetic neuralgia is a complication of acute herpes zoster characterized by 
severe pain and paraesthesia In the skin area affected by the initial infection. There is evidence 
that the N-methyl-D-aspartate receptor Is involved In the development of hypersensitivity 
states and It is known that magnesium blocks the N-methyi-D-aspartate receptor. 


Method. A double-blind, placebo-controlled, cross-over study was conducted in which magne- 
sium sulphate was administered as an i.v. infusion. Spontaneous pain was recorded and qualita- 
tive sensory testing with cotton wool was performed in seven patients with postherpetic 
neuralgia before and after the i.v. administration of either magnesium sulphate 30 mg kg”! or 
saline. 


Results. During the administration, pain scores were significantly lower for magnesium com- 
pared with placebo at 20 and 30 min (P=0.016) but not at 10 min. I.Y. magnesium sulphate was 
safe, well-tolerated and effective in patients with postherpetic neuralgia. 


Conclusion. The present study supports the concept that the N-methyl-D-aspartate receptor 


is involved in the control of postherpetic neuralgia. 
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Postherpetic neuralgia (PHN) is characterized by pain that 
persists for more than a month after the healing of acute 
herpes zoster (HZ) lesions.’ It represents an increasing 
clinical problem in the elderly population, with a prevalence 
reaching 75% in patients over 70 yr who have previously 
had HZ infection.” 

The typical features of PHN are burning, aching or 
itching and continuous pain, with additional sharp and 
shooting components, often associated with hyperalgesia 
and allodynia. PHN is the consequence of the extensive 
peripheral and spinal damage caused by the reactivation of 
the dormant virus.” Continuous activation of C-nociceptor 
fibres causes the release of glutamate from central terminals 
acting on the amino-3-hydroxy-5-methylisoxazole-4-pro- 
pionic acid (AMPA) and the V-methyl-D-aspartate (NMDA) 
receptor. 

The NMDA receptor plays an important role in the 
mechanisms underlying central sensitization (wind-up) in 
the spinal cord and 1s critically important for the establish- 
ment of several chronic neuropathic pain states.” In its 


inactive state, it is blocked by the presence of a centrally 
positioned magnesium ion.° Afferent activity in nociceptor 
fibres dislodges the central magnesium ion from the NMDA 
receptor, thus allowing calcium influx into the cell. 

The NMDA receptor antagonist ketamine reduces neuro- 
pathic pain and allodynia in patients with chronic PHN.’ 
However, the psychomimetic side-effects limit its use in 
clinical practice.® 

Magnesium has been shown to exert a physiological 
block of the ion channel on the NMDA receptor, preventing 
extracellular calcium ions from entering the cell and 
contributing to secondary neuronal changes.’ This double- 
blind, placebo-controlled, cross-over study evaluated the 
analgesic properties of magnesium sulphate in patients with 
PHN. 


Methods 


Seven patients with PHN, who had not previously 
responded to conventional treatment with anticonvulsants 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2002 


Brill et al = 


Table 1 Individual patient characteristics. P=placebo; M=magnesium sulphate 























Age (yr) Gender Group Ethnicity HZ (yr) PHN Pain Dynamic allodynia 
76 F P/M Caucasian 3 Lumbar + - 
53 F P/M Caucasian 4 Thoracic + + 
76 M P/M Caucasian 1.5 Trigeminal + - 
69 M M/P Black 3 Thoracic + + 
81 F P/M Caucasian 09 Thoracic + + 
76 F M/P Caucasian 0.8 Cervical + + 
61 F PM Caucasian 0.9 Thoracic + + 
Table 2 Pain scores for the difference between magnesium and placebo 10 
within individuals at baseline and 10, 20 and 30 min for the seven patients 9 
The: 95% confidence interval is that for the median difference between 8 
placebo and magnesium within individuals 7 

Baseline 10 min 20 min 30 min 8 

25 
> 

Mean 00 19 24 31 4 
Standard deviation 100 195 181 248 3 
Median 0 1 2 2 2 
Minmum -2 0 1 1 1 
Maxımum 1 5 5 7 0 
95% confidence interval 0-5 1-5 1-7 
P value 0.063 0017 0.017 ya min 20 min 30 min 


and tricyclic antidepressants, were assigned randomly to 
receive magnesium sulphate first and placebo second or vice 
versa with a wash-out period of 1 week in between. 
Randomization was achieved with random number tables. 
Saline and magnesium solutions were similar in appearance 
and volume. Both the patient and the assessor were blinded 
to treatment. The study protocol was approved by the 
Hospital Ethical Committee and by the Medicines Control 
Agency of the UK, and informed patient consent was 
obtained. 

Patients with cardiac failure (New York Heart 
Association grade IM or IV), atrioventricular conduction 
block (grade I or II), serum creatinine in excess of 110 
mol litre™ and severe liver disease were excluded from the 
study. Subjects above 18 yr of age with PHN for more than 
3 months after healing of the HZ rash and showing a pain 
score of =4 on a numerical visual analogue scale (VAS) 
(O=no pain, 10=worst possible pain) were assigned ran- 
domly to receive either an i.v. infusion of 0.9% saline 100 ml 
or magnesium sulphate 30 mg kg’ (magnesium 0.06 
mmol kg") over 30 min (the required amount was added as 
a 50% magnesium sulphate solution to 100 ml of saline). 
One week later, the other solution was infused. The 
magnesium concentration used in the study was well 
below what is widely administered in suspected myocardial 
infarction, for the emergency treatment of serious arrhyth- 
mias and to prevent recurrent seizures in eclampsia. 

The severity of pain was recorded using a numeric VAS 
at baseline and at 10, 20 and 30 min during the infusion. The 
patients were also asked about the degree of pain relief at the 
time of discharge, 1 h later and the following morning. 


Fig 1 Individual pain scores for the seven patients dunng the 30 min 
infusion of placebo (P) and magnesium (A). 


Mechanical stimulation with cotton wool to test for 
mechanical dynamic allodynia was performed before and 
immediately after the infusions. Serum magnesium concen- 
trations were measured before the start of the study and 
found to be within normal limits in all patients. 

The Wilcoxon signed rank test was used to ascertain if 
pain scores were the same between magnesium and placebo 
within individuals, sequentially in time, at 10, 20 and 30 min 
during the infusion. As three sequential statistical tests were 
performed, Bonferroni’s correction factor was applied to 
adjust for multiple testing. The critical significance level 
was adjusted from 0.05 to 0.017 accordingly. All reported 
P-values are two-tailed. 


Results 


Patient characteristics are shown in Table 1. The minimum 
duration of PHN in our sample was 8 months. 

The mean (SD) pain score during the magnesium infusion 
fell from 6.7 (1.7) at baseline to 1.9 (3.2) at 30 min. The 
difference in pain score between placebo and magnesium 
within individuals was not significant at 10 min (P=0.063) 
but was significant at 20 (P=0.016) and 30 min (P=0.016) 
(Table 2). Five out of seven patients reported complete pain 
relief after the magnesium infusion and none after the saline 
infusion (Fig. 1), which lasted until hospital discharge 1 h 
later. The patients were contacted by telephone the follow- 
ing day. All of them reported that the pain had come back 
during the previous evening. The same five patients who 
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achieved pain relief had dynamic allodynia, which was 
unchanged after either infusion. 

No adverse events were reported during the magnesium 
sulphate infusion, apart from a mild feeling of warmth at the 
site of the injection. Throughout the magnesium infusion, 
heart rate and arterial blood pressure did not change by more 
than 15% of baseline values for all patients. Arterial oxygen 
saturation was stable and did not fall below 97%. 


Discussion 

Postherpetic neuralgia is a condition that is not always 
responsive to established treatments, such as antidepres- 
sants, antiepileptics and opioids. Furthermore, fewer than 
50% of patients with PHN experience pain relief in the 
absence of unacceptable adverse effects.!° The pathophy- 
siology of PHN includes both peripheral and central 
mechanisms. Three subtypes of PHN have been proposed 
recently: (i) deafferented allodynic; (ii) deafferented non- 
allodynic; and (iii) irritable nociceptor.’' Additionally, 
patients may also present static (pressure-evoked) and/or 
dynamic (brush-evoked) allodynia. Our patient population 
was small and not a representative sample of the three 
subgroups. Therefore, it was not possible to look for 
selective effectiveness of magnesium between the above 
subtypes. 

Magnesium could be expected to modulate neuropathic 
pain by blocking the NMDA receptor calcium ionophore. 
This mechanism may prevent nociceptive-associated central 
sensitization’ and lessen the increased activity of wide- 
dynamic range neurones in the dorsal horn after prolonged 
activation. Assuming extracellular distribution of magne- 
sium, plasma concentrations in our patients would have 
risen by approximately a third during the infusion, causing a 
block of the NMDA receptor with subsequent pain relief. 

Magnesium therapy has been shown to be potentially 
beneficial in eclampsia! and, more recently, in 
headache’? '* and acute migraine attacks.!° The systemic 
and intrathecal injection of magnesium suppresses neuro- 
pathic pain responses in different rat models.'>~*! In man, an 
i.v. infusion of magnesium sulphate caused a reduction of 
postoperative analgesic requirement?” * and an oral daily 
dose of magnesium sulphate was shown to be effective in 
neuropathic pain.” 

In our study, magnesium clearly reduced PHN pain in 
comparison with placebo. This effect was initially observed 
10 min after the start of the infusion, reaching statistical 
significance after 20 min. The majority of subjects achieved 
substantial pain relief during the magnesium infusion, 
whereas none of them had any relief during the placebo 
infusion. Although the study had a small sample size, its 
cross-over design increased its statistical power. 

We did not observe an inhibitory effect on allodynia, as 
would have been predicted from postsynaptic action of 
magnesium. However, dynamic allodynia does not rely on 
the wind-up effect, which is mediated through the NMDA 


receptor. It is therefore not surprising that there was a 
different response to 1.v. magnesium between ongoing pain 
and pain caused by brief mechanical stimulation. 

Our results show that the physiological action of mag- 
nesium on NMDA receptors can be translated into a viable 
concept for pain control in some patients with PHN. 


References 


I Rowbotham MC, Petersen KL. Zoster-assocrated pain and neural 
dysfunction. Pain 2001; 93: I-5 

2 Kost RG, Strauss SE. Postherpetic neuralgia—pathogenesis, 
treatment, and prevention. New Engl | Med 1996, 335: 32-42 

3 Mahalingam R, Wellish M, Wolf W, et al. Latent varicella-zoster 
viral DNA ın human trigeminal and thoracic ganglia New Engi J 
Med 1990; 323: 627-3] 

4 Nurmikko T. Pathophysiology of acute herpes zoster and 
postherpetic neuralgia. Pain Forum 1998; 4: 238-40 

5 Woolf Cj, Thompson WN. The induction and maintenance of 
central sensitisation Is dependent on N-methyl-D-aspartic acid 
receptor activation: Implications for the treatment of post-injury 
pain hypersensitivity states. Pain 1991; 44: 298-9 

6 Dickenson AH. NMDA receptor antagonists as analgesics. In: 
Fields HL, Liebeskind JC. Progress in Pain Research and 
Management, Volume |. Seattle: [ASP Press, 1994, 173-87 

7 Hoffmann Y, Coppejans H, Vercauteren M, Adriaensen H. 
Successful treatment of postherpeuc neuralgia with oral 
ketamine. Clin J Pain 1994; 10: 240-2 

8 Byas-Smith MG, Max MB, Gracely RH, Bennett GJ. Intravenous 
ketamine and alfentanil In patients wrth chronic causalgic pain and 
allodynia [abstract]. 7th World Congress on Pain 1993; 454-5 

9 Fawcet WJ, Haxby EJ, Male DA. Magnesium: physiology and 
pharmacology. Br J Anaesth 1999; 83: 302-20 

10 Kingery WS A critical review of controlled clintcal trials for 
peripheral neuropathic pain and complex regional pain 
syndromes. Pain 1997; 73: 123-39 

II Rowbotham MC, Petersen KL, Fields HL Is postherpetic 
neuralgia more than one disorder? Pain Forum 1998, 7: 231-7 

12 Eclampsta Trial Collaborative Group. Which anuconvulsant for 
women with preeclampsia? Evidence from the Collaborative 
Edampsra Trial. Lancet 1995; 345: 1455-63 

13 Ginder S, Oatman B, Pollack M. A prospective study of iv 
magnesium and ı.v. prochlorperazine In the treatment of 
headaches. J] Emerg Med 2000; 18: 311-5 

14 Mauskop A, Altura BT, Cracco RQ, Altura BM. Intravenous 
magnesium sulfate alleviates headaches of various types. 
Headache 1996; 36: 154-60 

15 Demirkaya S, Vural O, Dora B, Topcuoglu MA. Efficacy of 
Intravenous magnesium sulphate in the treatment of acute 
migraine attacks. Headache 2001; 41: 171-7 

16 Begon S, Pickering G, Eschalier A, Dubray C Magnesium and 
MK-801 have a similar effect in two experimental models of 
neuropathic pain. Brain Res 2000; 887: 436-9 

17 Feria M, Abad F, Sanchez A, Abreu P. Magnesium sulphate 
injected subcutaneously suppresses autonomy in peripherally 
deafferented rats. Pain 1993; 53: 287-93 

18 Karesawa S, Ishmaki K, Goto F. The effect of intrathecal 
administration of magnesium sulphate in rats. Anaesthesia 1998; 
53: 879-86 

19 Takano Y, Sato E, Kaneko T, Sato |. Antihyperalgesic effects of 
intrathecally administered magnesium sulfate in rats. Pain 2000; 
84: 175-9 


713 


Brill et al. 


20 Tsai P, Cheng J, Marsala M, Lin C, Wen G, Yang LC. Intrathecal 
magnesium sulphate attenuates algogenic behavior and spinal 
amino acids release after kainic acid receptor activation in rats. 
Neurosdence Lett 2001; 301: 115-8 

21 Xiao WH, Bennett GJ. Magnesium suppresses neuropathic pain 
responses In rats via a spinal site of action. Brain Res 1994; 666: 
168-172 

22 Koinlg H, Wallner T, Marhofer P, Andel H, Horauf K, Mayer N. 
Magnesium sulphate reduces intra-and postoperative analgesic 
requirements. Anesth Analg 1998; 87: 206-10 

23 Schuitz-Stubner S, Wettmann G, Reyle-Hahn SM, Rossaint R. 


714 


Magnesium as part of balanced general anaesthesia with 
propofol, remifentanil and mivacunum: a double-blind, 
randomised prospective study in 50 patients. Eur | Anaesthesiol 
1991; 18: 723-9 

24 Tramer MR, Schneider J, Marti RA, Rifat K. Role of magnesium 
sulfate in postoperative analgesia. Anesthesiology 1996; 84: 340-7 

25 Crosby V, Wilcock A, Corcoran R. The safety and efficacy of 
a single dose (500 mg or | g} of intravenous magnesium 
sulfate in neuropathic pain poorly responsive to strong oploid 
analgesics in patients with cancer. | Pain Symptom Manage 
2000; 19: 35-9 


British Journal of Anaesthesia 89 (5): 715-21 (2002) 





Platelet function point-of-care tests in post-bypass cardiac 
surgery: are they relevant? 


F. Forestier'*, A. Coiffic!*, C. Mouton’, D. Ekouevi’, G. Chêne? and G. Janvier! 


‘Department of Anaesthesia II and ?Haemobiology Laboratory, Hôpital cardiologique, CHU de Bordeaux, 
Avenue de Magellan, F-33604 Pessac cedex, France. "INSERM Unit 330, Victor Segalen Bordeaux 2 


University, Bordeaux, France 
*Corresponding author 


Background. Platelet dysfunction is an important cause of excessive bleeding after cardiac 
surgery. We assessed two platelet function point-of-care tests: the platelet function analyser 
(PFA-100) and the Hemostatus™ in patients with and without excessive bleeding after cardiac 
surgery with cardiopulmonary bypass. 


Methods. Mediastinal chest tube drainage (MCTD) was measured for the first 6 h In the inten- 
sive care unit (ICU). Haematology and coagulation tests were done on arrival in the ICU, and 
when excessive bleeding occurred (MCTD >1 ml kg™! h`’) or after 3 h. 


Results. Elghteen patients bled excessively and 27 had normal MCTD. Hemostatus measure- 
ments were prolonged in those with excessive bleeding compared with the normal group. The 
times for PFA-100 adenosine diphosphate (ADP) and epinephrine were 91 vs 71 s (P=0.004) 
and [55 vs 114 s (P=0.02) in the bleeding and normal group s, respectively. None of the 
Hemostatus or PFA-100 values correlated with total MCTD. Depending on the agonist used, 
maximum aggregation was 33-81% and 52-86% in bleeding and normal groups, respectively. 
Only poor correlations were found between PFA-[00 epinephrine and maximum aggregation 
in response to ADP (r=0.52, P=0.03) or to collagen (r—0.48, P=0.04). 


Conclusion. Patients bleeding excessively In the ICU had abnormal measurements in point-of- 
care tests without a dramatic decrease in aggregation. Except for patients with increased risk 
of postbypass bleeding, point-of-care tests are not useful for routine use after cardiac surgery. 
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Bleeding is a common complication of cardiac surgery with 
cardiopulmonary bypass (CPB), which can require transfu- 
sion of blood products and, in 3—6% of cases, mediastinal 
re-exploration.' Of the causes of excessive bleeding, 
platelet dysfunction is considered to be the most important 
in the early postoperative period. 

Two in vitro coagulation tests, the Hemostatus test and 
the platelet function analyser (PFA-100) are designed to 
provide simple and rapid assessment of platelet function, 
but their ability to predict excessive blood loss associated 
with CPB remains uncertain.” Í However, the relevance of 
these tests when bleeding occurs in the intensive care unit 
(ICU) has been investigated less.’® We hypothesize that 
these point-of-care tests could help to detect. poor platelet 


function and, with the help of guidelines,?!° reduce the 
considerable variation im transfusion practice between 
institutions. ! We compared the PFA-100 and Hemostatus 
after cardiac surgery with CPB, in patients with and without 
excessive bleeding, in comparison with platelet aggrego- 
metry results. 


Methods 


The study was approved by our Institutional Ethics 
Committee. After obtaining informed consent, we recruited 
adult patients undergoing first-tume cardiac surgery with 
CPB. We excluded patients who had taken antiplatelet drugs 
within 7 days of the operation, those on heparin or 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2002 


Forestier et al. 


anticoagulant therapy, or with bleeding diathesis or condi- 
tions that could affect platelet function. Because fibrinolytic 
activity can develop quickly, with maximal plasma levels of 
fibrin degradation products 30 min after infusion of 
protamine,!? patients who had diffuse bleeding from the 
surgical site without any identified source, after neutraliza- 
tion of heparin, were also excluded. 


Study groups 

Patients were recruited consecutively. We defined patients 
with excessive bleeding if they had mediastinal chest tube 
drainage (MCTD) >1 ml kg! bh” for at least 1 h during the 
first 6 h after surgery. Patients were studied as those with 
and without excessive bleeding. 


Operative details 


Anaesthesia was induced and maintained with i.v. propofol 
(target controlled infusion), sufentanil citrate and atracur- 
ium. An ultra-low prophylactic dose of aprotinin (5X 10° 
KIU) was administered before skin incision, and again 
during initiation of CPB. Patients were given heparin 300 UI 
kg” before CPB, and the activated clotting time (ACT), 
using kaolin as the activating agent (Medtronic, ACT I 
HemoTec, Rueil Malmaison, France) was maintained 
during CPB at a value greater than 450 s with additional 
doses of heparin as required. The extracorporeal circuit was 
primed with 1000-1200 ml lactated Ringer’s solution 
(Bioluz, St Jean de Luz, France) containing 4000 units of 
heparin. A membrane oxygenator was used and flows 
of 1.8-2.2 litre min“! m° were obtained with a roller 
pump (Stéckert Instrumente, Munich, Germany) under 
mild hypothermic or normothermic conditions. After 
discontinuation of CPB, anticoagulation was reversed with 
protamine sulphate. Blood remaining in the CPB circuit was 
collected and infused into the patient before transfer to the 
ICU. Our practice was to maintain the haematocrit above 
25% after CPB as long as haemodynamic stability was 
maintained. Mediastinal blood loss was measured by the 
nurses every hour after arrival in the ICU. If bleeding was 
excessive, coagulopathy was treated as follows: (i) with 
additional protamine if the thrombin time was longer than 
30 s, (ii) with 2-4 units of virally inactivated fresh frozen 
plasma if the activated partial thromboplastin time (aPTT) 
was greater than 50 s (1.5 times the normal value of our 
laboratory), (iii) with 8 units of platelet concentrate if the 
platelet count was less than 50 00010? litre™. 


Haematologic assays 


Native whole-blood samples were taken from a radial 
arterial catheter on arrival in the ICU for all patients (T), 
and when excessive bleeding was diagnosed or after 3 h in 
the ICU (T2). Haemoglobin concentration, haematocrit and 
platelet count (Coulter Diagnostics, Villepinte, France) 


were measured in the two groups at T; and Tz. Anti-Xa 
activity was measured at T, in all patients. A routine 
coagulation profile including prothrombin time, aPTT and 
fibrinogen concentration was done in all patients at T; and 
To. 

The Hemostatus test was performed at T, using the 
Hepcon/Hemostatus™ apparatus (Medtronic, Rueil- 
Malmaison, France). Six channels with cartridges contain- 
ing 0.05 M calcium chloride, kaolin 4% (w/v), and heparin 3 
IU ml” were used. A syringe containing 3 ml native whole 
blood was mounted on the machine, and 0.35 ml automat- 
ically dispensed into each of six channels of the cartridge to 
measure the platelet-activated clotting time (PACT) in the 
presence and absence of platelet activating factor (PAF). 
Channels 1 and 2 did not contain PAF (control ACT) 
whereas channels 3—6 contained increasing concentrations 
of PAF (1.25, 6.25, 12.5 and 150 nM). Heparin was used to 
increase the sensitivity of the method by prolonging the 
Hemostatus values. Mechanical shear stress activation was 
obtained by a plunger mechanism contained in each 
channel. Hemostatus values were expressed directly as the 
clotting time (s). 

The closure time was measured at T, with the PFA-100 
(Dade-Behring Inc., Miami, FL, USA). This device com- 
prises a microprocessor-controlled instrument and dispos- 
able test cartridges with a bioactive membrane coated with 
type-I equine collagen and, depending on the cartridge, 
epinephrine or adenosine diphosphate (ADP). The instru- 
ment uses a constant vacuum to aspirate a citrated whole- 
blood sample introduced into the cartridge, through a 
capillary and a microscopic aperture cut into the membrane. 
The time from the start of the test until the occlusion of the 
aperture by a platelet plug was reported as the PFA-100 
closure time (s). 

Part of the citrated whole-blood samples (4.5 ml) taken 
from each patient at T2 was used for platelet aggregometry. 
Samples were centrifuged at 180 g for 10 min at room 
temperature to separate platelet-rich plasma. Platelet aggre- 
gation of platelet-rich plasma was assessed using the PAP-4 
aggregometer (PAP-4 model; BIO/DATA Corporation, 
Paris, France), in the presence of different commonly used 
chemical activators: ADP (5 um litre", Sygma A88-5.3), 
arachidonic acid (500 pm ml”, Tauzart et Matignon, 
France), collagen (16 ug ml’, Sygma A88.6), epinephrine 
(8 um litre’, Sygma A88.5-5), and ristocetin (1.5 mg mI’, 
Stago501). Maximum aggregation (MA) was registered for 
each agonist after 5 min. 

Physicians were unaware of the results of Hemostatus, 
PFA-100 and aggregometry when treating the excessive 
MCTD. 


Data collection 

Patient characteristics and perioperative data were collected 
on a ‘standardized questionnaire, and included age, sex, 
height, weight, duration of CPB, haematology and haemos- 
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tasis results, doses of heparin and protamine, core body 
temperature during the stay in the ICU, hourly MCTD for 
the 6 h after surgery, intravascular volume replacement with 
colloids (medium-molecular weight hydroxyethyl starch 
solution, 200 000 Da, degree of substitution 0.6), blood 
products given, and treatment with aprotinin (10° KIU) as 
part of our treatment plan to control postbypass bleeding. 


Statistical analysis 


Qualitative variables were compared between bleeding and 
non-bleeding groups using Fisher’s exact test, and continu- 
ous variables using the student’s f test or the Wilcoxon rank- 
sum test. Comparisons of Hemostatus and PFA-100 values 
between bleeding and non-bleeding groups were adjusted 
for haemoglobin concentration and platelet count by logistic 
regression. Spearman’s rank correlation test was used to 
assess the relationship between Hemostatus and PFA-100 
measurements and either platelet aggregation results or total 
MCTD. P<0.05 was considered statistically significant. The 
statistical analysis was done using STATA® software. 


Results 


Excessive bleeding occurred in 18 patients and 27 patients 
did not have excessive bleeding. Age, sex and weight did 
not differ between groups (Table 1). Surgical procedures did 
not differ between the groups. Mean duration of CPB was 
not significantly different: 77 min in the bleeding group vs 
83 min in the normal group. Mean heparin and protamine 
doses did not differ between the two groups. 

Figure 1 shows the changes of MCTD and core body 
temperature over time in the ICU. In bleeding patients, 
MCTD reached the maximal value (204 ml) 2 h after 
surgery, then sharply decreased during the third hour and, 
according to our criterion, returned to normal bleeding rate 
(60 ml) after 4 h. Nine patients started to bleed excessively 
during the first hour, and nine others during the second hour 
in the ICU. The median duration of bleeding was 3 h in this 
group. Median blood loss in the first 6 h was 580 ml ın the 
bleeding group and 125 ml in the non-bleeding group 
(P<0.001). The mean time of Tz was 156 (SD 55) min in the 
bleeding group and 192 (33) min in the normal group. Core 
body temperature of patients with bleeding was lower than 
in those without bleeding, especially during the third hour 
after surgery, but no statistically significant difference was 
shown during the stay in the ICU. All patients reached a core 
body temperature of 37°C by 4 h. 

Treatment of excessive bleeding is shown in Table 2. 
Median volumes of red blood cells and virally inactivated 
fresh frozen plasma given were 460 and 200 ml, respect- 
ively. No patients required surgical re-exploration. 

Table 3 summarizes haemoglobin concentration, platelet 
count and routine coagulation values at T; and Tz. At Ty, 
differences were found between bleeding and normal groups 
in haemoglobin concentration (10.7 vs 11.1 g litre), 


Table 1 Charactenstcs of bleeding and normal patents CPB, 
cardiopulmonary bypass 
Characteristic Bleeding patients Normal patients 
(n=18) (n=27) 
Mean age (range) (years) 67 (50-82) 67 (46-77) 
Male (%) 83 74 
Mean (SD) weight (kg) 73 (3) 72 (2) 
Type of surgery (%) 
Coronary artery bypass grafting 44 48 
Valve 33 44 
Combined procedure 22 7 
Mean (SD) duration of CPB (min) TT (6) 84 (5) 
Median hepann dose (X10 TU) 25 (21-30) 24 (22-27) 
(25th—75th percentile) 
Mean (sD) protamine dose (mg) 27 (16) 23 (11) 


A MCTD bleadıng patients 4 MCTD normal patients 
o Temperature of bleeding patients m Temperature of normal patients 
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Fig 1 Median mediastinal chest tube drainage (MCTD) and mean (sD) 
core body temperature over time in the intensive care urut in bleeding 
and normal patients. 


P<0.05), and mean fibrinogen concentration (2.5 vs 3.3 g 
litre’, P<0.01). Mean platelet count did not differ between 
the two groups on arrival in the ICU (127 vs 154X10° 
litre, respectively). At T2, all haematology values reported 
in Table 3 were significantly less in bleeding patients than in 
normal patients, except for aPTT, which did not differ 
between the two groups (46.7 vs 43.4 s, respectively). 

The results of Hemostatus and PFA-100 at T, are shown 
in Table 4. In bleeding patients, PACT values were 
significantly prolonged in all channels compared with 
normal patients, and PFA-100 ADP and epinephrine closure 
time values reached 91 ys 71 s (P<0.01) and 155 vs 114 s, 
respectively (P<0.05). However, after adjusting PACT and 
PFA-100 closure time values at Tə for haemoglobin 
concentration and platelet count by logistic regression, 
there was no difference between groups. The Hemostatus or 
PFA-100 values did not correlate with total MCTD. 


717 


Forestier et al 


Table 5 shows the results of platelet aggregometry 
performed at T2 with collagen, ristocetin and arachidonic 
acid as chemical activators in bleeding and normal patients. 
Platelet MA was significantly lower in bleeding patients 
compared with normal patients, in the presence of ADP 
(50.1 vs 61.2%, P<0.05) and epinephrine (32.9 vs 51.9%, 
P<0.05). 

Table 6 shows the relationship between Hemostatus, 
PFA-100 closure time results and MA in bleeding patients. 
None of the Hemostatus values correlated with MA. No 
correlation was found between PFA-100 closure time and 


Table 2 Treatment of excessive bleeding in 18 patients. No treatment was 
given to patients without excessive bleeding Values in parentheses are 
25th-75th percentiles *The colloid used was 6% medium-molecular-weight 
hydroxyethyl starch solution (200 000 Da, degree of substitution 0 6) 


Treatment Bleeding pattents 
("=18) 
Blood products 
Median red blood cells (ml) 460 (0-600) 
Median platelets (units) 0 (0-0) 
Median virally inactivated fresh frozen plasma (ml) 200 (0-600) 
Median aprotinin dose (10° KIU) 1 (1-1) 
Median colloids (ml)* 500 (0-500) 


MA results except for PFA-100 epinephrine which correl- 
ated with MA in the presence of ADP (7=-0.52, P<0.05) and 
collagen (r=—0.48, P=0.05). 


Discussion 

We found that point-of-care tests of platelet function are 
significantly prolonged when excessive bleeding occurs. 
These tests did not correlate with total MCTD, and only a 
weak correlation was found between PFA-100 epinephrine 
and laboratory-based platelet aggregation. Depending on 
the agonist used, MA was 33-81% in the bleeding group and 
52-86% in the non-bleeding group. No significant differ- 
ence existed between the groups, except for ADP and 
epinephrine tests. 

Preliminary studies reported a great sensitivity of 
Hemostatus and PFA-100 tests to major platelet adherence 
or aggregation abnormalities. With the Hemostatus test, 
Coiffic and colleagues? found impairment of GPHb-Ma 
receptors by c7E3 (chimeric Fab fragments of a murine 
monoclonal antibody), lengthening the PACT by up to 1500 
s, when mean PACT values of the 18 controls ranged from 
517 (SD 121) s to 350 (124) s (channels 1 and 2, and 3-6, 
respectively). Others reported lengthening of PFA-100 


Table 3 Haematology measurements in bleeding and normal patients. Data are mean (SD). n.s., not significant 


Variable Normal range 
T1 arrival in ICU 
Haemoglobin concentration (g litre!) 11.5-17.7 
Haematocrit (%) 37-54 
Platelet count (10° litre!) 150-500 
Prothrombin time (%) 80-100 
Activated partial thomboplastin tıme (s) 26-42 
Fibrinogen concentration (g iitre™’) >2 


Ant-Xa activity (QU mi) 


T2: when bleeding occurred (bleeding patients) or 3 h after surgery (normal patients) 


Haemoglobin concentration (g litre) 11.5-17.7 
Haematocnt (%) 37-54 
Platelet count (10° litre“) 150-500 
Prothrombin ume (%) 80-100 
Activated partial thomboplastin tıme (s) 26-42 
Fibrinogen concentration (g litre™’) >2 


Bleeding patients Normal patients P value 
(R=18) (n=27) 

107 (2 2) 11.1 (1) <0 05 
30 4 (0.9) 32.3 (0.7) ns. 
127.4 (13) 154.8 (8) 0.07 
582 (1 9) 63.1 (17) 007 
43 4 (66) 434 (59) ns. 
2.5 (0.5) 33) <0 01 
003 (0 04) 0.07 (0.06) <0 05 
102 (027) 12.2 (0.28) <0.001 
29.9 (072) 35 6 (08) <0.001 
1457 (11) 186.1 (10) 0.01 
61 6 (2) 69 5 (2) 0.01 
46.7 (2.4) 43 4 (1.4) ns 

26 (0 14) 3.7 (0 2) <0 001 


Table 4 Laboratory results for the Hemostatus and PFA-100 at T2 Results obtained ın Channel 1-2 were obtained from the first two channels without 
platelet actuating factor. *Adyusted for haemoglobin concentration and platelet count. Values in parentheses are 25th—75th percentiles 


Variable Bleeding patients 
(n=18) 
Hemostatus median platelet-activated clotting tune (s) 
Channel 1-2 620 (461-860) 
Channel 3 517 (451-693) 
Channel 4 389.5 (336-459) 
Channel 5 353 (299-389) 
Channel 6 284 (266-352) 
PFA-100, median closure time (s) 
PFA-100 ADP 91 (76-108) 
PFA-100 epinephrine 155 (114-227) 





Normal patients Unadjusted P value Adjusted P value* 
(n=27) 

410 (327-510) <0 001 008 

424 (362-499) 0.005 016 

322 (276-369) 0001 0.17 

301 (250-334) 0.009 035 

252 (226-287) 0014 007 

71 (60-80) 0 004 047 

114 (94-130) 0.02 018 
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closure time, by impairment of von Willebrand factor or 
inhibition of GPIb and GPIIb~Ila receptors.'*!> In the 
present study, in spite of a significant difference between the 
groups, Hemostatus and PFA-100 values lay in ranges 
described for healthy volunteers.'*'? These data should be 
compared with laboratory-based platelet aggregation tests 
that are very sensitive to the impairment of platelet function 
after CPB.!® Although these tests are highly dependent on 
sample preparation and operator, !? they do not show a 
severe impairment of GPIb and Ib~IIa receptors of patients 
bleeding excessively in this study. MA in response to ADP 
and epinephrine differed at Ta but this is probably not 
clinically significant. This result may be explained by the 
average time of T3 in this study since platelet aggregation is 
known to recover from the second hour after surgery, and to 
return to baseline levels 4 h after CPB.” MA in response to 
collagen and arachidonic acid did not differ between groups, 
and the response to ristocetin fits well with normal 
functional responses of GPIb and GPIib-IIla. For these 
reasons, major abnormalities of platelet membrane recep- 
tors are unlikely to be responsible for the slight increase of 
Hemostatus and PFA-100 measurements observed in 
patients with bleeding in the present study. On the whole, 
our results failed to show a correlation between point-of- 
care tests and aggregometry in patients with bleeding, 
especially between PFA-100 epinephrine and platelet 
ageregometry induced by epinephrine. This may be 
explained by the fact that aggregometry is performed on 
platelet-rich plasma, while the PFA-100 closure time is 


Table 5 Laboratory results for platelet aggregometry at T2 — maximum 
aggregation (%). Data are mean (SD) ns =not significant 


Bleeding patients Normal patients P value 
(na18) ("=27) 
ADP 50 (15) 61 (18) <005 
Collagen 42 (24) 43 (29) ns. 
Arachidome acid 47 (24) 57 (30) n.s. 
Epinephrine 33 (23) 52 (26) <0.05 
Ristocetin 82 (11) 86 (14) n.8. 


done on native whole-blood samples and under high shear 
conditions very different from those of platelet aggrego- 
metry. 

Other factors, apart from platelet defects, can affect these 
point-of-care tests on whole blood, such as altered 
haematocrit and platelet count.!3*!** Red blood cells can 
also affect platelet function, related to stimulation of platelet 
production of thromboxane Az” or to shear-induced release 
of ADP when haematocrit is 25-35%.”* Hemostatus should 
reliably detect platelet dysfunction only if the platelet count 
is greater than 50-7010? litre™!,!? 17 and PFA-100 if the 
platelet count exceeds 10010? litre”! and the haematocrit 
exceeds 30%.”! To our knowledge, neither the manufactur- 
ers nor the literature provide information about correction of 
Hemostatus results for altered haematocrit. In our study, 
platelet count and haematocrit were significantly lower in 
bleeding patients, without exceeding the limits of interpret- 
ation of the point-of-care tests. However, because haemo- 
dilution is common after cardiac surgery, we investigated 
the possibility that differences between groups could be 
reduced by adjusting Hemostatus and PFA-100 values for 
haemoglobin concentration and platelet count by logistic 
regression. Our results suggest these two variables are an 
important source of variation in the results of Hemostatus 
and PFA-100, and could explain the differences between 
bleeding and normal patients. 

The use of aprotinin in the present study may be 
questioned too, since the protective mechanism of aprotinin 
on platelet function is controversial. ? However, the 
initial elimination half-life of aprotinin is about 1 h, so 
platelet function is unlikely to be affected by the ultra-low 
prophylactic dose administered before skin incision and 
during initiation of CPB. Furthermore, blood samples for 
aggregometry and point-of-care tests were collected before 
any possible therapeutic use of aprotinin, as part of our 
treatment plan to control postbypass bleeding in the ICU. 

Preliminary reports on the ability of Hemostatus and 
PFA-100 tests to predict excessive blood loss associated 
with CPB gave mixed results.” Our primary hypothesis 


Table 6 Relationship between Hemostatus (platelet-activated clotting time [PACT]), PFA-100 (closure tme) and platelet aggregometry in bleeding patients 


(n=18) 
Maximum aggregation 
ADP Collagen Arachidonic acid Epinephrine Ristocetin 
r P r P r P r P r P 
PFA-100 
ADP -0 057 0.82 0.084 074 —0 188 046 0.110 067 0079 076 
Epinephrine 0.502 004 -0.481 005 -0.420 0.08 0.399 010 0.104 069 
Hemostatus 
Channel 1-2 -0.371 0.13 -0204 042 -0315 0.21 0.246 0.33 0,204 043 
Channel 3 -0.305 022 -0.200 0.43 -0395 oll 0.076 077 0.069 080 
Channel 4 0.086 0.74 0.006 0.98 0.147 056 0.009 097 -0 148 057 
Channel 5 —0 054 0.83 0071 0.78 -0 147 0.56 0 067 0.79 0.24 036 
Channel 6 0.133 06 0.008 098 -0.275 027 -0.029 091 0.293 0 26 
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was that these tests could detect a platelet function defect, 
and be used to rationalize transfusion practices. The fact that 
no relationship exists between Hemostatus and PFA-100 
results and total MCTD does not necessarily mean that these 
tests are not specific and reliable, because defects after 
bypass are generally thought to be secondary to the 
activation, consumption or dilution of several constituents 
of haemostasis. We found discrepancies in the results of 
point-of-care tests of bleeding and normal groups, and an 
overall lack of correlation with MCTD. In patients with a 
low risk for postoperative bleeding, who account for about 
60% of patients, the routine use of Hemostatus and PFA-100 
is unlikely to improve transfusion practice. However, these 
tests would be more efficient when patients are at high risk 
of perioperative bleeding, for example patients with von 
Willebrand disease.” 78 

In our study, which excluded patients receiving 
antiplatelet drugs, anticoagulant therapy or a preopera- 
tive bleeding diathesis, we conclude that these point-of- 
care tests should not be used for routine evaluation 
when excessive bleeding occurs after cardiac surgery. 
Clinical assessment and transfusion algorithms, with 
continuous assessment of mediastinal drainage, are 
essential in modem management. However, because 
they can detect severe platelet dysfunction, further 
studies are necessary to assess these tests for the 
management of patients with von Willebrand disease or 
receiving anti-GPUb-Ila drugs. 
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Background. Hydroxyethyl starch (HES) may affect blood coagulation. We studied the effects 
of a modified, balanced, high-molecular weight [mean molecular weight (MW) 550 kDa], high- 
substituted [degree of substitution (DS) 0.7] HES preparation (Hextend®) on coagulation in 
patients undergoing major abdominal surgery. 


Methods. Patients were allocated randomly to receive Hextend® (n=21), lactated Ringer’s 
solution (RL, n=21) or 6% HES with a low MW (130 kDa) and a low DS (0.4) (n=21). The infu- 
sion was started after Induction of anaesthesia and continued until the second postoperative 
day to maintain central venous pressure between 8 and 12 mm Hg. Activated thrombelastogra- 
phy (TEG) was used to assess coagulation. Different activators were used (extrinsic and Intrin- 
sic activation of TEG) and aprotinin was added to assess hyperfibrinolytic activity (ApTEG). 
We measured onset of coagulation [coagulation time (CT=reaction time, r)], the kinetics of 
clot formation [clot formation time (CFT=coagulation time, k)] and maximum clot firmness 
(MCF=maximal amplitude, MA). Measurements were performed after induction of anaesthesia, 
at the end of surgery, 5 h after surgery and on the mornings of the first and second days after 
surgery. 


Results. Significantly more HES 130/0.4 [2590 (sD 260) ml] than Hextend® [1970 (310) mf] 
was given. Blood loss was greatest in the Hextend® group and did not differ between RL- and 
HES |30/0.4-treated patients. Baseline TEG data were similar and within the normal range. CT 
and CFT were greater in the Hextend® group immediately after surgery, 5 h after surgery and 
on the first day than in the two other groups. ApTEG MCF also changed significantly in the 
Hextend® patients, indicating more pronounced fibrinolysis. Volume replacement using RL 
caused moderate hypercoagulability, shown by a decrease In CT. 


Conclusion. A modified, balanced high-molecular weight HES with a high degree of substitu- 
tion (Hextend®) adversely affected measures of coagulation In patients undergoing major 
abdominal surgery, whereas a preparation with a low MW and low DS affected these measures 
of haemostasis less. Large amounts of RL decreased the coagulation time. 


Br { Anaesth 2002; 89: 722-8 
Keywords: blood, coagulation; blood, volume replacement; surgery, abdominal 
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Volume loss from the circulation may be caused by changes 
in the endothelial barrier and diffuse capillary leakage, in 
addition to blood loss. Adequate volume replacement 
appears to be a comerstone for managing patients under- 
going major surgery. Hypovolaemia is an important avoid- 
able cause of organ dysfunction and death.’ In addition to 
crystalloids [e.g. saline solution, Ringer lactate (RL)] and 
the natural colloid human albumin, synthetic colloids such 


as dextrans, gelatins and hydroxyethyl starch (HES) can be 
used to treat volume deficit. 

Coagulation is often impaired when blood loss occurs 
during surgery. Haemodilution caused by fluid replacement 
impairs coagulation by reducing the concentration of 
clotting factors. The type of fluid used may also affect 
coagulation. Coagulation changes occur after the use of 
HES,” but different HES preparations can have different 
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Hextend® and coagulation 


effects on haemostasis.” HES with a high molecular weight 
(MW) and a high degree of substitution (DS) (hetastarch; 
MW 450 kDa, DS 0.7) reduced concentrations of VITIR:Ag 
and VIIR:RCo more than HES with lower MW and a lower 
DS [low-molecular weight (LMW) HES; MW 200-260 kDa, 
DS 0.5].© Abnormal platelet function occurs more often 
after high-molecular weight (HMW) HES.’ Reports of HES 
reducing blood coagulation and increasing bleeding gener- 
ally relate to giving HMW HES and HES with a high degree 
of substitution (DS 0.7). Consequently, an HES preparation 
with a lower MW (130 kDa) and a lower DS (0.4) has been 
developed to reduce the impairment of coagulation.’ '° 
Another way to reduce this effect is by modifying the 
HMW HES preparation. Hextend® is a modified, physio- 
logically balanced 6% hetastarch solution (molar substitu- 
tion 0.7; average MW approximately 670 kDa, mean MW 
550 kDa) containing balanced electrolytes (Na* 143 
mmol litre’, CI” 124 mmol litre, lactate 28 mmol litre, 
Cat 2.5 mmol litre!, K* 3 mmol litre, Mg’* 0.45 
mmol litre’, glucose 5 mmol litreé').!’ This HES prepar- 
ation impairs coagulation less than the standard 
HMW HES.!! !? We used activated thrombelastography 
(TEG) to assess the effects of volume replacement with 
Hextend® on measures of coagulation in patients undergo- 
ing major abdominal surgery, compared with another HES 
preparation (MW 130 kDa, DS 0.4) and RL. 


Methods 


Patients 


After ethics approval and with informed consent, we 
included 63 consecutive patients undergoing elective 
major abdominal surgery for malignancy. We excluded 
patients with renal insufficiency (serum creatinine >150 
umol litre’; blood urea nitrogen >6 mmol litre™'), liver 
dysfunction (aspartate aminotransferase >40 U litre”, 
alanine aminotransferase >40 U litre™!), anaemia (haemo- 
globin <10 g di’), preoperative coagulation abnormalities 
[platelet count <100 nl”; activated partial thromboplastin 
time (aPTT) >70 s; fibrinogen <2 g di; antithrombin MI 
<40%], patients taking heparin, vitamin K antagonists, 
corticosteroids or cyclooxygenase inhibitors, and patients 
with severe cardiac insufficiency (NYHA class DI-IV). 

The patients were allocated prospectively to one of the 
following groups using a sealed envelope system: group I 
(n=21), volume therapy with Hextend® (BioTime, 
Berkeley, CA, USA); group II (m=21), volume therapy 
with RL (B. Braun, Melsungen, Germany: Na* 130 mmol 
litre"?, K* 5.4 mmol litre™!, CI” 112 mmol litre™’, Ca** 1.8 
mmol litre’, lactate 27 mmol litre™!); group I (n=21), 
treatment with 6% HES 130/0.4 (Fresenius, Bad Homburg, 
Germany). 

Volume replacement was started after induction of 
anaesthesia (after baseline data had been obtained) and 
continued for 48 h until the morning of the second 


Table 1 Patient details. Data are mean (SD) except for age [mean (range)] 
PRBC=packed red blood cells, FFP=fresh frozen plasma *P<0.05 compared 
with the other groups 


Hextend® Ringer lactate HES 130/0.4 
(n=21) (n=21) (n=21) 
Age (yr) 62 (45-74) 61 (48-78) 60 (48-77) 
Sex (F/M) 14/7 1249 10/11 
Height (cm) 171 (9) 174 (11) 173 (12) 
Weight (kg) 74 (1D 76 (12) 7200 
ASA (IAI) 10/11 1⁄9 12/9 
Duration of (min) 
Surgery 196 (78) 202 (62) 189 (70) 
Anaesthesia 299 (79) 310 (63) 293 (62) 
Type of surgery (number of patients) 
Colon 10 9 8 
Gastrectomy 4 5 6 
Whipple operation 2 2 1 
Oesophagus 2 3 3 
Pancreas resection 3 2 3 
Allogeneic blood/blood products 
PRBC 
Number of patents 8 6 5 
Units/group 29" 18 16 
Number of patients 5 5 4 
Units/group 27* 16 14 
Catecholamines (number of patients) 
Epinephrine 2 2 1 
Norepinephrine 1 - - 
Survivors 
7 days All All All 
30 days All All All 


postoperative day. Volume was infused to keep central 
venous pressure (CVP) between 8 and 12 mm Hg. Red 
blood cells were transfused when haemoglobin was <8 g di’, 
and fresh frozen plasma was given if coagulation measures 
were abnormal (aPPT >60 s, prothrombin time <50%, 
fibrinogen <2 g litre™’) and bleeding occurred. We gave RL 
500 ml h to all patients during surgery. Additional RL was 
given to replace fluid losses from sweating and gastric tubes 
and RL was used as a solvent for drugs. When mean arterial 
pressure (MAP) was <50 mm Hg despite adequate filling 
pressure volume (CVP >10 mm Hg), epinephrine was given. 
Norepinephrine was added if volume therapy and dopamine 
did not-keep MAP >50 mm Hg. 

Premedication consisted of oral midazolam 1 h before 
surgery. Epidural anaesthesia was used in all patients. 
General anaesthesia was induced with thiopental 5 mg kg™ 
and fentanyl 3 pg kg’ and neuromuscular block was 
achieved with vecuronium 0.1 mg kg™’. Anaesthesia was 
maintained with fentanyl, desflurane and vecuronium, 
titrated according to the patients’ needs. In all patients, 
mechanical ventilation was with 50% air in oxygen to keep 
arterial oxygen saturation >95% and end-expiratory carbon 
dioxide between 35 and 40 mm Hg. ECG, arterial blood 
pressure and CVP were monitored continuously. Fluid 
warmers and blankets were used during surgery to maintain 
body temperature. 
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Table 2 Fluid balance during the study period (input and output cumulative). Mean (SD). *P<0 05 compared with the other groups 


After surgery 
Volume input (ml, cumulative value) 
Ringer lactate (ml) 
Hextend® 3050 (830) 
Ringer lactate 7950 (950) 
HES 130/0.4 2480 (390) 
Colloid (ml) 
Hextend® 1370 (190) 
HES 130/0 4 1810 (320) 
Urine output (ml) 
Hextend® 790 (240) 
Ringer lactate 1950 (340)* 
HES 130/0.4 610 (270) 
Blood loss (ml) 
Hextend® 990 (310)™ 
Ringer lactate 760 (320) 
HES 130/0 4 680 (220) 


After surgery, mechanical ventilation was continued as 
necessary until the patient was ready for tracheal extubation 
(stable circulation, spontaneous breathing with adequate 
blood gases and oesophageal temperature >36°C). The 
patients were managed by anaesthetists who were not 
involved ın the study and were masked to the volume 
therapy. 


Coagulation measurements 


Standard coagulation variables [antithrombin I (AT ID, 
fibrinogen, platelet count, aPTT] were measured from 
arterial blood samples using routine laboratory methods. 
Another 5 ml of citrated blood was taken for activated TEG 
using a four-channel TEG analyser (roTEG™; Nobis 
Diagnostics, Endingen, Germany). This modification of 
the conventional TEG system uses a different transducer 
that makes it less susceptible to mechanical stress, move- 
ment and vibration.!? ‘* The method is based on optical 
detection of the movement of a disposable plastic sensor 
attached to a short axle mounted on a ball-bearing. The 
sensor is inserted into the clotting blood. TEG monitoring 
provides continuous assessment of clot firmness, to measure 
the onset of coagulation [coagulation time (CT); standard 
TEG: reaction time (r)], the kinetics of clot formation [clot 
formation time (CFT); standard TEG: coagulation time (k)] 
and maximum clot firmness (MCF) (standard TEG: max- 
imal amplitude (MA)]. ; 

TEG measurements were made within 10 min after blood 
sampling using a semiautomatic pipetting system after 
adding different activators to the blood sample (activated 
TEG). To assess intrinsic TEG (InTEG), clot formation was 
measured after recalcification of 300 u1 of whole blood with 
20 ul of 0.2 M calcium chloride and adding a surface 
activator (partial thromboplastin from rabbit brain; 20 ul). 
To assess extrinsic TEG (ExTEG), clot formation was 
measured after adding tissue thromboplastin (rabbit brain 
extract). To assess aprotinin TEG (ApTEG), ExTEG was 





Sh Ist day 2nd day (total) 
3850 (460) 6150 (510) 8150 (690) 
9070 (920) 14 150 (1150)* 18 750 (1890)* 
3920 (390) 5950 (480) 8230 (550) 
1490 (250) 1800 (220) 1970 (310) 
2150 (350)* 2430 (310)* 2590 (260)* 
2050 (340) 3050 (230) 5680 (480) 
4400 (410)* 7700 (370)* 11 450 (460)* 
1850 (280) 2990 (390) 5500 (370) 
1290 (280* 1680 (270* 1890 (260)* 
940 (330) 1210 (350) 1430 (330) 
910 (230) 1180 (250) 1370 (250) 





Table 3 Cardiovascular measurements Mean (SD). MAP=mean arterial 
pressure, CVP=central venous pressure; HR=heart rate 


Baseline After surgery 5h 1st day 2nd day 

MAP (mm Hg) 

Hextend® 81 (10) 90 (14) 88 (13) 79 (13) 91 (12) 

Ringer lactate 84(12) 89 (10) 87 (11) 81(12) 931 

HES 130/0 4 82 (10) 91 (11) 91 (9) 82 (9) 90 (10) 
CVP (mm Hg) 

Hextend® 7 (3) 9 (3) 93) 8(2) 104 

Ringer lactate 7 (3) 8 (2) 8 (2) 8 (3) 8 (2) 

HES 130/0.4 6 (2) 9 (2) 102) 9(3) 9 (3) 
HR (beats min7!) ` 

Hextend® 78 (8) 819 90 (12 78(10) 84 (11) 

Ringer lactate 75(10) 85 (12) 88 (15) 80(11) 86 (13) 

HES 13040 4 77 (9) 82 (10) 86 (14) 81(12) 84 (10) 
measured in the presence of inhibition of fibrinolytic 


activity by aprotinin (aprotinin solution equivalent to 
10 000 kallikrein inhibitor units ml’). Comparison of this 
result with the ExTEG value gives a measure of fibrinolytic 
activity. 

All measurements were made by the same person. 
Measurements were made after induction of anaesthesia 
and before surgery, immediately after surgery, 5 h after 
surgery and on the mornings of the first and second days 
after surgery. The patient outcomes were followed-up for 
30 days after surgery. 


Statistics : 

A power analysis was done before the study started to 
determine the necessary number of patients in each group. 
The data used were from a previous TEG study on the 
effects of HES 130/0.4.'° A 50% increase in reaction time 
(x) after treatment was taken to be the minimum clinically 
important difference we wished to detect. For an alpha error 
of 0.05 (two-sided) and type II error of 0.2, a total of 21 
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Table 4 Standard coagulation values. Mean (SD). *P<0.05 compared with the other groups aPTT=activated partial thromboplastin time, AT [=antithrombin 
i 














Baseline After surgery Sh Ist day 2nd day 

Haemoglobin (g d7’) 

Hextend® 13.1 (1 0) 9.9 (1 0) 10.4 (1.0) 104 (05) 102 (08) 

Ringer lactate 12.9 (1 0) 10 9 (1.0) 11 2 (0.9) 10.8 (0 8) 10 4 (0 8) 

HES 130/0.4 127 (1.2) 10 4 (1.0) 10.8 (0 5) 109 (0.9) 107 (05) 
Platelet count (at!) 

Hextend® 310 (42) 212 (58) 213 (43) 212 (34) 201 (45) 

Ringer lactate 321 (59) 216 (47) 201 (57) 206 (38) 190 (44) 

HES 1300.4 299 (50) 222 (51) 198 (44) 201 (51) 212 (33) 
aPTT (normal range 25—40 s) 

Hextend® 32 (3) 38 (3) 39 (5) 41 (4) 41 (3) 

Ringer lactate 31 (3) 32 (4) 34 (4) 38 (5) 41 (4) 

HES 130/04 31 (2) 34 (3) 35 (3) 39 (4) 39 (3) 
Fibrinogen (normal range 200-500 mg dr!) 

Hextend® 414 (76) 244 (61) 259 (54) 316 (71) 472 (79) 

Ringer lactate 448 (88) 267 (76) 290 (73) 305 (65) 580 (68)* 

HES 130/04 454 (88) 255 (59) 288 (55) 302 (64) 466 (55) 
AT III (normal range 80-100%) 

Hextend® 85 (9) 62 (11) 66 (10) 58 (10)* 67 (11) 

Ringer lactate 80 (10) 68 (10) 7 (11) 79 (11) 76 (10) 

HES 130/0.4 81 (11) 60 (12) 69 (13) 73 (9) 74 (11) 


patients per group was found to be necessary. Data are 
presented as mean (SD) unless otherwise indicated. 
Statistical analysis was done with software package SPSS/ 
PC+ (version 4.0 SPSS, Chicago, IL, USA). Fisher’s exact 
test was used for categorical data. A non-parametric test 
(Wilcoxon rank sum test) was used for variables that 
were not normally distributed (detected with the 
Kolmogorov—Smirnov test; e.g. use of blood products). 
Continuous, normally distributed data were compared using 
paired and unpaired Student’s t-test or analysis of variance 
for repeated measures (ANOVA, followed by Scheffé’s 
test). Bonferroni correction was applied when multiple 
comparisons were made. Continuous, non-normally distrib- 
uted data were compared using the Wilcoxon test. 
Correlation analysis was used to correlate blood loss and 
data from TEG. P<0.05 was considered significant. 


Results 


Patient details and the type of surgery are given in Table 1. 
There were no obvious differences between the groups. 
Significantly more blood and blood products were given to 
the Hextend®-treated patients than to the two other groups 
(Table 1). Significantly more HES 130/0.4 [2590 (260) ml] 
than Hextend® [1970 (310) ml] was given in the study 
period (Table 2). Blood loss was greatest in the Hextend® 
group, but did not differ between RL- and HES 130/0.4- 
treated patients (Table 2). There was no significant correl- 
ation between blood loss and TEG measurements. 
Cardiovascular measurements and haemoglobin changes 
were similar in all groups (Tables 3 and 4). Standard 
coagulation tests showed no significant differences between 
the groups, except for small differences in fibrinogen (RL, 


significant difference) and AT III concentrations on the first 
and second days (Table 4). 

TEG data were similar and within the normal range in all 
three groups at baseline (Figs 1-3). Using ExTEG and 
InTEG, CT and CFT were prolonged most in the Hextend®- 
treated patients and were greater than in the two other 
groups immediately after surgery, 5 h after surgery and on 
the first day (Figs 1 and 2). On the second day, CT and CFT 
in the Hextend® group were still greater than baseline but 
were not different from values for the other two groups. 
Changes in ExTEG-MCF/ApTEG-MCF were significantly 
more pronounced in the Hextend® patients than in the other 
two groups, indicating more fibrinolysis (Figs 1 and 3). 

Volume therapy with RL caused shortening of the CT 
(ExTEG, InTEG) at the end of surgery and 5 h after surgery 
(Figs 1 and 2), indicating moderate hypercoagulability. This 
returned to normal later in the study period (first and second 
days) (Figs 1 and 2). 


Discussion 
The use of HES as a plasma substitute is sometimes 
restricted primarily because of reports of altered coagula- 
tion.” > ê HMW HES and highly substituted hydroxyethyl 
starch preparations can impair blood clotting and increase 
postoperative’ bleeding." "f A modified HMW HES 
(Hextend®) and a new LMW/low-substituted HES (6% 
HES 130/0.4) have been developed to prevent these adverse 
effects. ` 

We used TEG to assess the effects of the different plasma 
substitutes, as measuring plasma concentrations of coagu- 
lation proteins and other markers of coagulation appears to 
be a very simplistic approach for complete assessment of the 
complex changes that can occur in haemostasis.” TEG 
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CFT (s) 


MCF (mm) 





Baseline Endof 5hafter 
surgery surgery 


1st day 


2nd day 


Fig 1 Mean (sD) coagulation tune [CT (onset of coagulation); normally 
<50 s, standard TEG: reaction tıme (1)], clot formation time [CFT 
(kinetics of clot formation), normally <180 s; standard TEG: coagulation 
tme (k)], and maximum clot firmness [MCF, normally 53-74 mm, 
standard TEG. maximum amplitude (MA)J using (extrinsic) activation by 
tissue thromboplastin (extrinsic TEG). *P<0 05 compared with the other 
groups tP<0.05 compared with baseline data. Filled squares, Hextend®; 
filled triangles, HES 130/0.4; open circles, Ringer lactate. Horizontal 
dotted lines show the normal range. 


appears to be a more complete means of following the 
dynamic process of coagulation compared with conven- 
tional tests of haemostasis.'* 1° TEG monitors the kinetics 
of the complete haemostatic process, whereas with plasma 
coagulation tests only the speed of fibrin formation 1s 
assessed. TEG examines the interplay of the protein 
coagulation cascade, -fibrinogen, and platelet function. 
TEG measurements can assist management of coagulation 
during and after surgery, and reduce blood loss and use of 
blood and blood products. !® 2021 We used modified, 
activated TEG instead of conventional (‘non-activated’) 
TEG because different features of the coagulation process 
can be detected sooner and better by activated TEG.” * 
We found that Hextend® had the most adverse effects on 
activated TEG monitoring, whereas HES with a low MW 
and low DS affected coagulation less and RL caused a small 
increase in coagulation. Our results contradict other in vitro 


CT (s) 


CFT ( 


MCF (mm) 





Baseline 


Endof 5h after 
surgery surgery 


Istday 2nd day 


Fig 2 Mean (sD) coagulation tıme [CT (onset of coagulation); normally 
<160 s], clot formation tıme (CFT, kinetics of clot formation, normally 
<180 s) and maximum clot firmness (MCF, normally 53-74 mm) using 
activation by surface activator [activation of the mtmnsic system 
(intrinsic TEG)]. *P<005 compared with the other groups. tP<0 05 
compared with baseline data. Symbols as in Fig 1. Horizontal dotted 
lines show the normal range. 


and in vivo studies, which did not show that Hextend® had 
adverse effects on coagulation, except those expected as a 
result of haemodilution.!! !* An in vitro study with different 
dilutions of plasma with Hextend® (up to 25% plasma/75% 
Hextend®) found no adverse effect on coagulation, * with 
possibly a protective effect on factors sensitive to 
prothrombin time (I, I, VII, X), on functional fibrinogen, 
and on factors of factor VII macromolecular complex 
components (FVII:C, VIU:vWF, VUI:vWF multimers), 
and no evidence of disseminated intravascular coagulation 
or procoagulant activation. The value of in vitro coagulation 
studies is not clear, because in such studies the effects of 
surgery on the coagulation process are absent. Even after 
minor surgery (mammoplasty), a hypercoagulable state was 
seen, whereas after complex, lengthy surgery hypocoagul- 
ability may also be present.” 

HMW HES (hetastarch) can affect coagulation by 
adverse effects on both von Willebrand factor and platelet 
aggregation. Most reports of impaired haemostasis with 


726 


Hextend® and coagulation 


CT (8) 


CFT (s) 





MCF (mm) 





Baseline 


Endof 5h after 
surgery surgery 


1stday 2nd day 


Fig 3 Mean (sp) coagulation time (CT; onset of coagulation, normally 
<50 s), clot formation time (CFT; kinetics of clot formation, normally 
<180 s) and maximum clot firmness (MCF; normally 53-74 mm) after 
extrinsic activation and in vitro mbibition of fibrinolytic activity with 
aprotinin (aprotinn TEG). *P<005 compared with the other groups 
tP<0.05 compared with baseline data. Symbols as in Fig. 1. Honzontal 
dotted Imes show the normal range 


HES are associated with this first-generation HMW HES.” ® 
A study of patients undergoing major surgery compared 
Hextend® with standard HMW HES (hetastarch), and found 
no differences in perioperative blood transfusion and 
estimated blood loss.!! Onset of clot formation (r — CT) 
was slower in the patients treated with hetastarch compared 
with those given Hextend®, and other TEG variables 
showed no differences between the two groups. Why the 
modified, ‘balanced’ Hextend® solution is almost free of 
this side-effect on coagulation is not clear. The authors 
speculated that the addition of Ca**, lactated buffer and 
physiological concentrations of glucose and lower CI 
concentrations gave Hextend® a favourable side-effect 
profile.!! Our study using TEG monitoring in patients 
found no benefit of Hextend® administration either in onset 
of coagulation (r — CT)] or in the kinetics of clot formation 
(k — CFT). The difference of EXTEG MCF and ApTEG 
MCF (TEG measured in the presence of an inhibitor of 
fibrinolysis) showed reduced MCF [standard TEG: maximal 


amplitude (MA)] with Hextend® compared with the new 
HES 130/0.4. 

The shorter coagulation time in our RL-treated patients 
supports previous studies. In in vitro and in vivo TEG 
studies, Ruttman and colleagues?” © showed that haemo- 
dilution per se increased the coagulability of whole blood 
(decrease in r and k; increase in MA) most likely due to 
induction of thrombin formation. This hypercoagulability 
was greater in saline- than in gelatin-diluted samples. In an 
in vitro TEG study,” only extreme haemodilution with RL 
(10:10) increased the k and MA values, whereas the r value 
remained unchanged. Ng and Lo? also reported increased 
coagulability when surgical blood loss was replaced with 
crystalloids. Monkhouse”? showed that diluting plasma with 
saline increases the thrombin activity two- to three-fold. 
This increase in thrombin activity in diluted samples was 
assumed to result from decreased antithrombin action rather 
than any real increase in thrombin generation. Similar 
changes in thrombin generation occur in vivo after giving 
large amounts of saline solution for acute haemorrhage.”” 
This crystalloid-induced increase in coagulability could 
predispose patients to deep vein thrombosis.’ 

The new LMW low-substituted HES (HES 130/0.4) has 
better physicochemical properties compared with other HES 
solutions?! and its effect on coagulation also appears to be 
favourable. Konrad and colleagues** used an in vitro 
haemodilution model and SONOCLOT analysis to measure 
the effects of this HES preparation on haemostasis: 
HES 130/0.4 affected clot maturation significantly less 
than other HES preparations and it had less effect on other 
aspects of clot formation and retraction. Clinical studies 
with HES 130/0.4 in orthopaedic’ and cardiac patients? 
reported beneficial effects on bleeding tendency and the use 
of blood and blood products. 

In summary, modification of an HMW starch did not 
eliminate adverse effects on coagulation when assessed by 
activated TEG. Reducing the molecular weight and the 
degree of substitution (HES 130/0.4) caused less impair- 
ment of haemostasis. Volume replacement only with 
crystalloids (RL) in patients undergoing major abdominal 
surgery was associated with moderate, short-lasting hyper- 
coagulability. 
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Background. We have compared the laryngeal tube and laryngeal mask in 22 patients for the 
success rate of insertion, gas leak pressure and the incidence of gastric insufflation. 


Method. In a randomized, crossover design, the laryngeal tube and laryngeal mask were 
inserted in turn after induction of anaesthesia and neuromuscular block. The cuffs were inflated 
until the intracuff pressure reached 60 cm H20. We measured adequacy of ventilation and the 
minimum airway pressure at which gas leaked around the cuff. The presence or absence of gas- 
tric insufflation was studied at an inflation pressure of 20 cm H20. 


Results. It was possible to ventilate through the laryngeal tube in 2! patients and through the 
laryngeal mask in 21 patients. The mean leak pressure for the laryngeal tube (26 (sp 5) cm 
H20) was significantly greater than that for the laryngeal mask (19 (4) cm H20) (P<0.01; 95% 
confidence intervals for mean difference: 5.3-10.2 cm H20). Gastric insufflation did not occur 
when the laryngeal tube was used and was noted in three patients when the laryngeal mask 
was used. 


Conclusion. The laryngeal tube provides a better seal in the oropharynx than the laryngeal! 


mask. 
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The laryngeal tube (VBM, Medizintechnik, Germany) 
(Fig. 1) has been developed to secure a patent airway 
during spontaneous breathing or controlled ventilation. It 
consists of an airway tube with a small cuff attached at the 
tip (distal cuff) and a larger cuff in the middle of the tube 
(proximal cuff). The cuffs are inflated through a single pilot 
tube and balloon, through which the cuff pressure can be 
monitored. There is a standard 15-mm connector on the 
proximal end of the device so that it can be attached to a 
breathing system. The device is made of silicone and is re- 
usable after sterilization in an autoclave. Six sizes are 
available, suitable for neonates to large adults. When the 
device is inserted, it lies along the length of the tongue, and 
the distal tip is positioned in the hypopharynx (Fig. 2). The 
proximal cuff provides a seal by forming a plug in the upper 
pharynx and the distal cuff seals the oesophageal inlet. 
There is a distal aperture in the tube between the two cuffs. 
Three black lines on the tube near the connector indicate 
adequate depth of insertion when aligned with the teeth. 


The laryngeal tube is now commercially available, but 
there have been only two clinical studies, ° neither of which 
compared the efficacy of the laryngeal tube with other 
airway devices. The main aim of this study was to compare 
the laryngeal tube with the laryngeal mask airway (LMA) 
in terms of the success of insertion, gas leak pressure and the 
incidence of gastric insufflation. 





Patients and methods 

After obtaining approval from the institutional Research 
Ethics Committee and written informed consent, we studied 
22 patients (ASA I or H, aged 18-78 yr, height [48-180 cm, 
weight 45-81 kg) undergoing elective surgery. Patients with 
any abnormality of the neck, upper respiratory tract or upper 
alimentary tract, or at risk of regurgitation of gastric 


*LMA® is the property of Intavent Limited. 
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Fig 1 The laryngeal tube (VBM, Germany). The black lines on the tube 
near the connector indicate adequate depth of insertion when aligned 
with the teeth. The line indicates a distance of 10 cm. 


contents were excluded. Patients with Mallampati class 3 or 
4°* were also excluded. 

In the anaesthetic room, an electrocardiograph, a pulse 
oximeter and an arterial pressure cuff were attached and an 
i.v. cannula was inserted. A firm pad (7 cm in height) was 
placed under the patient’s occiput. After the patient had 
breathed oxygen through a facemask for a minimum of 3 
min, anaesthesia was induced with a sleep dose of propofol 
2.0-3.0 mg kg"! i.v., supplemented with fentanyl 2 ug kg". 
Neuromuscular block was obtained with vecuronium and 
was confirmed using a peripheral nerve stimulator. 
Anaesthesia was maintained with a continuous infusion of 
propofol while the patient was breathing oxygen (but not 
nitrous oxide) until the end of the study. 

In a randomized, crossover design, the laryngeal tube and 
laryngeal mask were inserted in turn. The order was 
randomized by tossing a coin. Three anaesthetists were 
involved in insertion of these devices. All of them had used 
the laryngeal mask routinely for between 2 and 12 yr. One 
anaesthetist had used the laryngeal tube more than 100 
times, whereas the other two had used it fewer than 10 times 
before the start of the study. 

The sizes of laryngeal tube' and laryngeal mask” 
according to the patient’s height are shown in Table 1. 
The laryngeal tube was inserted into the oropharynx by the 
following method. Before insertion, the cuffs were deflated 
and a water-soluble lubricant (KY jelly) was applied to the 
cuffs. The patient’s neck was extended (‘sniffing position’). 
The tip of the laryngeal tube was placed against the hard 
palate behind the upper incisors and the device was slid 
down in the centre of the mouth until a resistance was felt or 
the second bold black line on the tube (Fig. 1) had just 
passed between the upper and lower teeth. The cuffs were 
inflated using a cuff inflator (VBM, Medizintechnik, 
Germany) until the intracuff pressure reached approxi- 
mately 60 cm H0.' The laryngeal mask was inserted using 
the technique described in the manufacturer's instruction 
manual, and its cuff inflated using the cuff inflator until the 
intracuff pressure reached approximately 60 cm H20.° 


H 
kA 





Fig 2 The laryngeal tube in place. When inserted, the device lies along 
the length of the tongue and the distal tip is positioned in the 
hypopharynx. The cuff is inflated until the intracuff pressure reaches 
60 cm H20. 


Table 1 Size of the laryngeal tube and the laryngeal mask used’ * 


Laryngeal tube Laryngeal mask 
Height =155 cm 
Men 4 5 
Women 4 
Height <155 cm 
Men 3 4 
Women 3 3 


After insertion of the device being tested, we connected 
the breathing system and assessed adequacy of ventilation 
by gently squeezing the reservoir bag and observing the 
presence of end-tidal carbon dioxide waveforms and chest 
movement. If it was not possible to ventilate the lungs, the 
position of the test device was adjusted by gently pushing or 
pulling it. Adequacy of ventilation was then re-assessed. If it 
was not possible to insert the device or ventilate through it, 
one more attempt at insertion of the device was allowed. If 
placement had failed after two attempts, the study was 
abandoned and the airway was maintained through either a 
facemask or a tracheal tube. 

If ventilation was possible, the device was fixed to the 
patient by the following methods: for the laryngeal tube, the 
bite block provided was inserted, the laryngeal tube snagged 
into its wedge and both were fixed using sticky tape (Fig. 1). 
For the laryngeal mask, a wad of gauze was inserted into the 
patient’s mouth and both were fixed using sticky tape. After 
fixation of the device, the airway pressure was initially 
maintained at 18 cm H20 by squeezing the reservoir bag for 
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Table 2 Adequacy of ventilation through the laryngeal tube and the laryngeal mask. Data are number of patients (%) 

















Category Airway pressure at which gas leak occurred Laryngeal tube 

Excellent No gas leak at 30 cm HO 12 (35) 

Good 18-28 cm H,O 8 (36) 

Fair 10-16 cm H,O 1 (5) 

Poor 8 cm H20 or less 0 (0) Pf 
Failure Failed insertion or failed ventilation 1 (5) 1s) 





30 


25 


Leak pressure (cm H20) 


15 


10 
Laryngeal tube Laryngeal mask 


Fig 3 The minimum airway pressure at which gas leaked around the cuff 
of the test device. Symbols are displaced slightly on the Y axis if they are 
the same values. Lines join measurements with the two devices in the 
same subject. 


3 s. The inflation pressure was measured using an airway 
pressure gauge. If there was no gas leak, airway pressure 
was increased at each breath by 2 cm H20, whereas if there 
was gas leak, airway pressure was decreased at each breath 
by 2 cm H0. The airway pressure at which gas leaked 
around the test device was recorded. The adequacy of 
ventilation was scored in the five categories shown in 
Table 2. 

The presence or absence of gastric insufflation was then 
studied at the inflation pressure of 20 cm HO by 
auscultation over the epigastrium. It has been shown that 
a volume of gas, as little as 5 ml, entering the stomach from 
the oesophagus can be detected.” The cuff of the test 
device was then deflated and the device removed. The 
volume of air withdrawn from the cuff was recorded. 

Our main interest was to compare the leak pressures 
between the laryngeal tube and laryngeal mask, and thus the 
number of patients required was calculated on the basis of 
this factor. The mean airway pressure at which gas leaks 
around the laryngeal mask has been reported to range from 
18 to 20 cm H,O (SD approximately 5 cm H>0).? We 
considered that an increase in the leak pressure to 25-26 cm 
H:O (i.e. a 30% increase) would be a clinically important 
difference. Twenty-two patients would be required to detect 


this difference with a power of 80% Gf comparison was 
made between two independent groups). For gastric 
insufflation, we did not plan to apply any hypothesis for 
comparing the groups, since the number of patients we 
planned to study could be too small to detect a difference, 
and because the clinical significance of this observation 
during such a short period of time at a fixed airway pressure 
(20 cm H20) was not certain. 

Plots of normal scores showed that the data for the 
differences in the leak pressures between the larvngeal tube 
and laryngeal mask were normally distributed, and thus a 
paired t-test was used for comparison. P<0.05 was con- 
sidered significant. The 95% confidence intervals (CD for 
the difference in the mean leak pressure between the 
laryngeal tube and the laryngeal mask were also calculated. 





Results 


We studied nine women (four at least 155 cm tall and five 
less than 155 cm tall) and 13 men (all at least 155 cm tall). 

It was possible to insert and ventilate through the 
laryngeal tube in 21 of 22 patients (without changing its 
position after inflation of the cuffs). Ventilation was 
adequate at the first attempt in 19 patients and at the second 
attempt in another two patients. Adequate ventilation was 
not possible after two attempts in the remaining one patient. 
It was possible to insert and ventilate through the laryngeal 
mask in 21 of 22 patients. Ventilation was adequate at the 
first attempt in 20 patients and at the second attempt in 
another one patient. Adequate ventilation was not possible 
in the remaining one patient. 

The mean volume of air placed in the cuff to give the 
intracuff pressure of 60 cm H20 was 75 (sp 8) mi for the 
laryngeal tube and 19 (4) ml for the laryngeal mask. The 
minimum mean airway pressure at which gas leaked around 
the cuff of the laryngeal tube was 26 (5) cm HO, which was 
significantly greater than that of the laryngeal mask (19 
(4) cm H20) (P<0.01; 95% CI for mean difference: 5.3- 
10.2 cm H20) (Fig. 3). When the laryngeal tube was used, 
gas did not leak around the cuff at an airway pressure of 30 
cm HO in 12 of 22 patients (55%), whereas when the 
laryngeal mask was used gas always leaked around the cuff 
with an airway pressure of less than 30 cm HO (Table 2). 

Gastric insufflation did not occur in any patient when the 
laryngeal tube was used, and was noted in three of 22 
patients when the laryngeal mask was used. 
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Discussion 

The success rate of obtaining a patent airway through the 
laryngeal tube was high (95%). This result is consistent with 
previous reports, in which success rate was 94-100%.'* We 
also found that the laryngeal tube provided a patent airway 
as frequently as the laryngeal mask. 

The laryngeal tube provided a good airtight seal in most 
patients (Table 2), and often there was no gas leak around 
the cuff at an airway pressure of 30 cm H20. The leak 
pressure for the laryngeal tube was significantly higher than 
that for the laryngeal mask (Fig. 3). 

Compared with the laryngeal mask, the laryngeal tube 
provided a significantly better seal to the oropharynx. In 
addition, gastric insufflation did not occur in any of 22 
patients when the laryngeal tube was used, whereas it 
occurred in three patients when the laryngeal mask was 
used. Therefore, the laryngeal tube may be more suitable 
than the laryngeal mask during intermittent positive-pres- 
sure ventilation. However, studies of the laryngeal tube are 
few, with only a few preliminary reports!”-!? of its efficacy 
during the entire course of anaesthesia and of postoperative 
complications such as sore throat or lingual nerve palsy. 
Therefore, caution is required with the results obtained in 
this study until the safety of the routine use of the laryngeal 
tube during anaesthesia is known. 
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Background. The laryngeal tube is a new alternative for securing the airway. After adequate 
oxygenation, insertion of a tracheal tube is still required in many situations. In such circum- 
stances, fibreoptic placement of a tube exchange catheter after placement of the laryngeal tube 
is possible before tracheal intubation. Throughout the procedure, oxygen administration can 
continue via the laryngeal tube, the tube exchange catheter and the tracheal tube. 


Methods. The feasibility of this technique was tested in 10 patients scheduled for elective sur- 


gery. 


Results. The laryngeal tube was placed at the first attempt with adequate ventilation in all 
patients. The tube exchange manoeuvre was performed successfully in all but one patient. 


Conclusion. This technique is an important alternative for airway management and provides a 


significant degree of patient safety. 
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Establishing a patent airway is the primary aim during 
general anaesthesia as well as in emergency situations. 
While tracheal intubation is considered the gold standard, it 
requires adequate skill to secure the airway. The reported 
incidence of difficult intubation ranges from 0.05 to 18%.’ 

The American Society of Anesthesiologists Task Force 
on Management of the Difficult Airway points to the 
importance of alternative, less invasive devices to allow 
adequate oxygenation when tracheal intubation fails.” A 
new alternative is the laryngeal tube (VBM Medizintechnik, 
Sulz am Neckar, Germany), which was introduced to the 
European market in 1999." First reports of successful use of 
the laryngeal tube in out-of-hospital emergency airway 
management suggest that this device might provide a 
feasible alternative to tracheal intubation.* * The laryngeal 
tube is a single-lumen tube with an oesophageal and a 
pharyngeal cuff that are connected to a single inflation line 
with a ventral opening for ventilation between the two cuffs 
(Fig. 1).° After blind insertion, the device provides a patent 
airway in the majority of patients at the first attempt.’ * The 
laryngeal tube can be inserted quickly without extensive 


training and is considered a simple tool for airway 
management.” The oesophageal cuff of the laryn 
also allows a good airway seal.’ which was found to be 
significantly better than that of the standard laryngeal mask 
airway.'” In emergency situations and in some e 
procedures (e.g. positioning in the prone position). traci 
intubation would still be required to protect the patient frorn 
aspiration.'! ' 

Oxygenation of the patient can be achieved by inserting i 
laryngeal tube, but when replacement by a tracheal tube is 
necessary, maximum patient safety must be sought, This can 
be achieved when oxygen can be provided throughout the 
tube exchange process. The object of this study was to 
assess the efficacy of a technique using a tube exchange 
catheter, which has been described for other devices’? 4 but 
not for the laryngeal tube. The laryngeal tube might be 
considered a dedicated airway: it is defined as ‘an upper 
airway device dedicated to the maintenance of airway 


sal tube 






















Results were presented in part as a poster at the Austrian International 
Congress 2001 and the R. Kucher Forum, Vienna, Austra, 13-14 
September 2001. 
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Fig 1 The laryngeal tube: a single lumen with an oesophageal and pharyngeal cuff that can both be inflated at the same time 


patency while other major airway interventions are antici- 
. + 14 
pated or in progress’. 


Methods 

Approval by the local research ethics committee was 
obtained. Adult patients scheduled for elective orthopaedic 
surgery and requiring tracheal intubation were asked to 
participate in this prospective study. All patients were ASA 
grade I or Il; patients with severe pulmonary disease were 
not included. Patients were older than 18 yr; pregnancy and 
inability to give consent led to exclusion from the study. 
None of the patients had a history of airway difficulties 
during previous anaesthetics or showed signs of anatomical 
abnormalities; all were Mallampati | or 2.'° Ten consecu- 
tive patients were recruited and gave written, informed 
consent, One anaesthetist with 4 yr of experience and 
special training in fibreoptic intubation performed all the 
manoeuvres after practising each step on a manikin during 
five training sessions. 

Routine monitoring with electrocardiography, an auto- 
matic blood pressure cuff and a pulse oximeter was 
established before induction of general anaesthesia. Heart 
rate, blood pressure and oxygen saturation were recorded at 
all umes. A drop in oxygen saturation below 95% at any 
point led to termination of the procedure, as did more than 
two attempts at the technique to be tested. Mask ventilation 
and tracheal intubation using a laryngoscope were then 
performed. 

General anaesthesia induced with fentanyl 
1.0-1.5 pg kg! and 1% propofol 2-3 mg kg" after 
preoxygenation with oxygen 4 litres via face mask for 1 min. 
Initially, the patient's lungs were ventilated with a face 
mask-bag device. A size 4 or size 5 laryngeal tube was 
chosen according to the manufacturer's recommendations, 


Was 


and inserted blindly into the oropharynx without the use of 


neuromuscular blocking drugs, as demonstrated pre- 
viously.” '’ '* Both cuffs of the laryngeal tube were deflated 


completely, and the patient's head was placed in the neutral 
position. The tip of the laryngeal tube was introduced along 
the hard palate with one hand and was guided by the index 
finger of the opposite hand down the centre of the mouth. 
Insertion was continued until distinct resistance was felt and 
the printed ring marks on the tube were aligned with the 
front teeth. The cuffs were then inflated with 100 ml air 
using a syringe, and the tube was attached to the breathing 
system. Cuff pressure was recorded using a cuff pressure 
gauge. The manufacturer recommends a cuff pressure of 
60-80 cm H20. Time for tube insertion was measured from 
removal of the face mask to finally positioning the laryngeal 
tube, and time for securing the airway was measured from 
inflation of the two cuffs to connecting the breathing system 
to the laryngeal tube. Adequate airway control was 
confirmed by auscultation over both lungs and the stomach. 
Additional verification of the correct position was con- 
firmed by capnometry and bilateral chest expansion. When 
adequate ventilation had been achieved through the 
laryngeal tube, rocuronium 0.6 mg kg! was given for 
muscle relaxation. 

After ventilation through the laryngeal tube for | min, the 
breathing system was disconnected and a flexible fibreoptic 
bronchoscope [model FI 10BS (Pentax, Hamburg, 
Germany), outer diameter 3.4 mm] with a mounted tube 
exchanger | Aintree Intubation Catheter (Cook Deutschland, 
Moenchengladbach, Germany), length 560 mm, inner 
diameter 4.8 mm, with a 15 mm Rapi-Fit™ Adapter 
(Cook Deutschland, Moenchengladbach, Germany), for 
use with tracheal tubes whose inner diameter is 7 mm or 
larger] was inserted through the laryngeal tube. The 
fibreoptic device was pushed forward until the larynx 
could be visualized, The exact position of the laryngeal tube 
in relation to the glottic structures was registered. Therefore 
the fibreoptic scoring system introduced by Brimacombe 
and Berry for the laryngeal mask airway!’ was used. 

The glottis was then entered and the bronchoscope with 
the tube exchange catheter was advanced into the trachea 
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Fig 2 Flexible fibreoptic bronchoscope with mounted tube exchange catheter inserted in the laryngeal tube 


(Fig. 2). The flexible fibreoptic bronchoscope was removed. 
Both cuffs of the laryngeal tube were deflated completely 
and the device was removed carefully. The tube exchanger 
was left in place to railroad a tracheal tube [Lo-Contour™ 
(Murphy, Mallinckrodt Critical Care Inc., St Louis, MO, 
USA), inner diameter 7.5 mm] over it. When the tracheal 
tube was considered to be positioned in the trachea, the tube 
exchange catheter was removed. 

After correct positioning of the tracheal tube had been 
verified fibreoptically and clinically, the breathing system 
was attached. Adequate ventilation was assessed by 
auscultation over the lungs and the stomach and by end- 
tidal capnometry. Time was measured from disconnecting 
the laryngeal tube from the breathing system to first 
ventilation through the tracheal tube. 

Any difficulties during the procedure or after the 
operation, such as hoarseness, sore throat, dysphagia, 
bleeding and trauma, were recorded. Patients were assessed 
in the recovery area directly after transfer from the operating 
theatre, 6 h after the end of anaesthesia, and on the following 
day. 


Results 

Three female and seven male patients were included in the 
study. The mean (range) age of the 10 patients was 63.6 
(46-81) yr, the mean (SD) weight was 72.1 (11.2) kg, and the 
mean (SD) height was 171.9 (7.0) cm. 

The laryngeal tube was positioned without any difficulty 
at the first attempt and adequate ventilation and oxygenation 
was achieved in all patients. The mean (sD) time for 
positioning the laryngeal tube was 18.8 (3.4) s. Insertion 
time for the laryngeal tube was 10.4 (4.3) s, and 8.4 (2.5) s 
was needed to inflate the cuffs and secure the airway. A size 
4 laryngeal tube was used twice, and a size 5 device eight 
times. All laryngeal tube cuffs were inflated with 100 ml air, 


resulting in a median cuff pressure of 80.5 cm H-0 (range 
68-105 cm H20). 

The fibreoptic view through the laryngeal tu 
optimal in four cases, described as a grade 4 position in th 


j 


classification by Brimacombe and Berry.'” In two cases, ai 
aryepiglottic fold and only parts of the vocal cord re 
seen initially. In another two cases only the aryepiglotti 


folds were visualized. Careful rotation of the laryngeal tube 


by approximately 40-60° (three times to the right and once 
to the left) improved the view in all four cases, resulting in a 
grade 4 position. In one case, the cords and the posterior 
epiglottis were seen (a grade 3 position). A jaw thrust 
manoeuvre allowed an optimal view of the glottic apertur 

again resulting in a grade 4 position. In one patient 
visualization of the glottis was not possible despite repeated 


manipulations of the tube (grade | position), resulting in 
failure of the tube exchange manoeuvre. Dislodgement of 


the laryngeal tube did not occur during any of the 
manipulations described. 
Placement of the tracheal tube was achieved easily in 


eight patients. In three of these patients, slight rotation of the 
laryngeal tube was necessary to allow passage of the flexible 
fibreoptic bronchoscope into the trachea. Displac« 
the tube exchange catheter occurred in one case, leading to 
oesophageal intubation, which was detected immediately 


nent of 


The tube exchange manoeuvre was performed successtully 
at the second attempt. When insertion of the tracheal tubs 
over the tube exchange catheter was difficult, rotating the 
tube as recommended for standard fibreoptic intubation 
facilitated advancement into the trachea; no extensi 


manipulation of the jaw, as described for other de 

was necessary in those patients in whom the manoeuvre was 
carried out successfully. The mean (SD) time for positioning 
the tracheal tube over the tube exchange catheter was 134.0 
(36.2) s. The time for each intubation manoeuvre is given in 
Table 1; no improvement was detected with increasing 
experience. 
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No decline in oxygen saturation below 97% was recorded 
in any of the patients, No cardiovascular irregularities, such 
as tachycardia (heart rate greater 120 beats min '), 
bradycardia (heart rate under 50 beats min '), arrhythmias, 
hypotension or hypertension (blood pressure below 100/ 
60 mm Hg or above 180/100 mm Hg), occurred during 
induction of anaesthesia or the exchange manoeuvres. The 
mean heart rate, mean oxygen saturation and the mean 
systolic and diastolic blood pressure during the procedures 
are given in Figure 3. 

During postoperative examination of the patients, no 
injuries to the patients’ teeth or lips or the mucosa of 
the mouth and oropharynx could be found. Two patients 
presented with minor complaints, one of slight hoarse- 
ness and a sore throat and one of mild hoarseness; both 
recovered fully by the day after surgery. In two patients, 
minimal mucosal lesions at the carina were observed 
during fibreoptic confirmation of the tracheal tube 
position. No correlation between difficulty positioning 
the tracheal tube and postoperative complaints could be 
detected. 


Table 1 Individual tracheal intubation time, including exchange manoeuvre. 
for each patient 
Patient Time for tube exchange manoeuvre (s) 
132.1 
220.6 
133.0 
117.2 
140.2 
130.3 
97.2 
9 98.1 
137.7 
134.0 
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Discussion 

Adverse respiratory events are a common complication in 
anaesthetized patients, often resulting in brain damage and 
death.*° Approximately 600 people die each year worldwide 
from difficulties with intubation.”! The incidence of difficult 
intubation for elective surgery ranges from 0.05 to 18%.' 
These and other results led to the 1993 ASA recommenda- 
tions for the use of alternative airway adjuncts that allow 
adequate ventilation and oxygenation of patients. 

The laryngeal tube is a suitable airway management 
device with a high rate of successful insertion.” 2? In our 
study, it was placed successfully at the first attempt in all 
patients without any ventilatory problems. As placement is 
considered easy,~* its acceptance among physicians, nurses 
and paramedics is high.” %3 Ventilation with the laryngeal 
tube is comparable to that with other devices. Providing a 
good airway seal, the laryngeal tube has been shown to be 
efficacious during mechanical ventilation in adult and 
paediatric patients undergoing elective surgery,’ **76 

We have demonstrated for the first time the use of the 
laryngeal tube as an adjunct to ventilation and oxygenation 
and a guide to viewing the larynx and subsequently 
positioning a tracheal tube. The experience is encouraging, 
especially because oxygen administration is possible at 
every stage of the manoeuvre. Difficulty positioning the 
Aintree catheter occurred in only one patient in our study; in 
this patient the glottic aperture could not be visualized, yet 
adequate ventilation was possible at all times through the 
laryngeal tube. Initial oesophageal intubation in one patient 
was probably caused by displacement of the tube exchange 
catheter during railroading of the tracheal tube. Correct 
tracheal positioning of the Aintree catheter had been 
confirmed during fibreoptic-guided placement, but removal 
of the laryngeal tube when the catheter tip lay close to the 
glottis may have led to dislodgement. This can also occur 
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when railroading a tracheal tube over a fibreoptic broncho- 
scope that is not inserted far enough into the trachea. 

A comparable procedure has been described for the 
laryngeal mask airway’? and the cuffed oropharyngeal 
airway (COPA).'* In general, the concept of the “dedicated 
airway’ will not only help to master difficult intubation but 
also allow training in fibreoptic intubation, even in patients 
known to be difficult to intubate under safe conditions." 
The time needed for inserting the tracheal tube was 
comparable to that achieved with the COPA." Because of 
a different protocol, comparison with the insertion times 
described for the laryngeal mask airway is not possible. In 
contrast to the latter study, no improvement with practice 
was observed in our study, probably as a result of prior 
manikin practice. 

An important advantage of the laryngeal tube is its stable 
positioning even when manipulation is necessary to 
improve the view of the glottic aperture. Additionally, the 
specific configuration of the aperture of the laryngeal tube 
guides the tip of the flexible fibreoptic bronchoscope more 
towards the glottis than would be the case with the standard 
laryngeal mask airway. 

As the glottic aperture could not be visualized in all 
patients without manipulation of the laryngeal tube, blind 
insertion of an exchange bougie without fibreoptic control, 
as described for other airway devices,”’ 7* cannot be 
recommended. The fact that the position of the laryngeal 
mask airway during fibreoptic control was only central in 
59% of cases”? supports the idea of using a fibreoptic 
bronchoscope rather than inserting a tube exchange catheter 
blindly through any airway device. Because of the variable 
position of the blindly inserted laryngeal mask airway with 
respect to the glottic aperture,” use of a fibreoptic 
bronchoscope also increases the success rate of tracheal 
intubation via a laryngeal mask.*! 

The manoeuvre described in this study allows a high 
degree of control of the patient’s airway. Continuous 
application of oxygen into the trachea is possible via the 
laryngeal tube and the tube exchange catheter. The oxygen 
saturation did not fall below 97% and jet ventilation via the 
Aintree catheter, which is an option when managing 
difficult airways for a limited period, was not required. 
Haemodynamic side-effects, as reported with the intubating 
laryngeal mask airway,” did not occur during the tube 
exchange manoeuvre via the laryngeal tube. 

The concept of oxygenation being more important than 
the intubation is an essential part of recommendations for 
managing the difficult airway.” Because the laryngeal tube 
might be an important alternative for managing the difficult 
airway, a technique for subsequently placing a tracheal tube 
over this device should be considered after initial oxygena- 
tion problems have been solved. Thorough planning for 
airway emergencies should always include procedures that 
allow administration of oxygen at any time, as this is an 
important factor in improving patient outcome after critical 


incidents. Fibreoptic control of the tube position guarantees 
a maximum degree of patient safety. 

Postoperative airway examination showed no severe 
trauma induced by insertion of the laryngeal tube or the 
tube exchange catheter. Visible lesions of the upper airway, 
such as haematoma and mucosal laceration, as described 
most often for the Combitube,** did not occur in any of the 
patients studied. Mild hoarseness and a slight sore throat are 
common postoperative complaints after tracheal intubation 
or the use of a laryngeal mask airway or the Combitube.** 
The incidence of postoperative airway discomfort depends 
on the airway management device. A sore throat and 
dysphagia are most common after placement of the 
Combitube, with an incidence of 48 and 68% respectively.” 
After use of the laryngeal mask airway, patients suffer from 
dysphagia in 33% of cases.” This complaint is significantly 
less frequent in patients undergoing tracheal intubation ® In 
our study, no case of dysphagia was recorded, although two 
airway devices were placed. Tracheal intubation is con- 
sidered the main cause of hoarseness.” The incidence 
ranges from 14.4% to 32%. Although in our study the 
tracheal tube was inserted over the tube exchange catheter 
without direct visualization of its passage through the vocal 
cords, only two of the 10 patients complained of hoarseness. 
Mucosal lesions on the carina in two of the patients were 
probably induced by the rigid tip of the tube exchange 
catheter, which was held in place during removal of the 
laryngeal tube. This problem might be solved by a catheter 
with a softer distal tip. 

There are limitations of this study. As none of the patients 
presented with a difficult airway, the feasibility of this 
technique should also be evaluated under these conditions. 
Comparison of the performance of physicians at various 
stages of their training might help in judging the usefulness 
of the manoeuvre described here. 
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Background. Antagonists of the N-methyl-D-aspartate (NMDA) subtype of glutamate recep- 
tors have been shown not only to have neuroprotective effects but also to exhibit neurotoxic 
properties. In this study, we used c-Fos, a protein product of an immediate early gene, as a 
marker of neuronal injury to compare the neuroprotective effects of xenon and the neurotoxic 
properties of xenon, nitrous oxide, and ketamine, three anaesthetics with NMDA receptor 
antagonist properties. 


Methods. We used an in vivo rat model of brain injury in which N-methyl-Dt-aspartic acid 
(NMA) is injected subcutaneously (s.c.) and c-Fos expression in the arcuate nucleus is used as a 
measure of injury. To examine the neurotoxic potential of each of the three anaesthetics with 
NMDA receptor antagonist properties, c-Fos expression in the posterior cingulate and retro- 
splenial (PC/RS) cortices was measured. 


Results. Xenon dose-dependently suppressed NMA-induced c-Fos expression in the arcuate 
nucleus with an ICso of 47 (2)% atm. At the highest concentration tested (75% atm) NMA- 
induced neuronal injury was decreased by as much as that observed with the prototypical 
NMDA antagonist MK801 (0.5 mg kg”! s.c.). Both nitrous oxide and ketamine dose-depen- 
dently increased c-Fos expression in PC/RS cortices; in contrast, xenon produced no significant 
effect. If the dopamine receptor antagonist haloperidol was given before either nitrous oxide 
or ketamine, their neurotoxic effects were eliminated. 


Conclusions. Uniquely amongst anaesthetics with known NMDA receptor antagonist action, 
xenon exhibits neuroprotective properties without co-existing neurotoxicity, The reason why 
ketamine and nitrous oxide, but not xenon, produce neurotoxicity may involve their actions on 
dopaminergic pathways. 
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excitatory neurotransmitter in the mammalian brain and is 
essential for normal brain function, the presence of exces- 
sive amounts of glutamate can lead to cell death. The term 
excitotoxicity, first coined by Olney,' denotes the process 
whereby activation of glutamate receptors, especially those 
of the N-methyl-D-aspartate (NMDA) subtype, leads to 
excess calcium entry into cells which in turn triggers a 
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biochemical cascade resulting in neuronal death. 
Neurotoxicity induced by over-activation of NMDA 
receptors is thought to sustain ongoing neuronal injury 
and death in acute processes such as stroke and head trauma, 
as well as in chronic neurodegenerative disorders.” 
Consistent with this, a large body of evidence has shown 
that NMDA receptor antagonists can be neuroprotective in 
both in vitro and in vivo models of neuronal injury™® and 
can prevent deterioration of cognitive function after 
cardiopulmonary bypass. z 

Xenon, a noble gas with anaesthetic properties, has 
recently been found to be an NMDA receptor antagonist;* 
another gaseous anaesthetic, nitrous oxide can also inhibit 
the NMDA receptor. 10 Consequently, these two gases might 
be considered good candidates as neuroprotectants because 
they can be easily administered and rapidly enter the brain. 
However, a major deterrent to the use of NMDA antagonists 
as neuroprotective agents is the profound psychotomimetic 
behavioural changes which such drugs can produce. '! 
Histological data in studies conducted with the NMDA 
receptor antagonists ketamine, phencyclidine (PCP), and 
dizolcipine maleate (MK801) revealed pyramidal neuronal 
damage in the region of the posterior cingulate and 
retrosplenial (PC/RS) cortices,'?'* which may underlie 
these behavioural changes; similar pathological changes 
have been reported with nitrous oxide.'* Whether or not 
NMDA antagonism alone is sufficient to produce this 
neurotoxicity, however, is not known and it is possible that 
perturbation of other neurotransmitter systems is involved. 
For example, NMDA receptor antagonists including keta- 
mine and nitrous oxide, can activate dopamine receptors or 
increase dopamine release both in vivo and in vitro. '® Y 
Moreover, major antipsychotics with dopamine D2 receptor 
antagonist properties can prevent ketamine’s psychotomi- 
metic side-effects.’ In addition, a recent in vitro study 
suggests that xenon can decrease dopamine release.” 

The aims of the present study were to determine: (i) 
whether xenon has a neuroprotective effect in an in vivo 
model of neuronal excitotoxicity, (ii) whether xenon 
exhibits typical NMDA receptor antagonist neurotoxicity 
in the PC/RS cortices; and (iii) whether dopamine contrib- 
utes to the neurotoxicity exhibited by anaesthetics with 
NMDA receptor antagonist properties. We used an imme- 
diate early gene (c-fos)-encoded protein (c-Fos), in order to 
assess neuronal injury as reported previously. °°" 


Methods 


This study conforms to the United Kingdom Animals 
(Scientific Procedures) Act of 1986. 


Effect of xenon on NMA-induced c-Fos expresston in 
the arcuate nucleus 

Nine groups (m=3-4 in each group) of female 
Sprague-Dawley rats (240-260 g) were treated randomly 
as follows: group | received NMA, 100 mg kg! body 


wt subcutaneously (s.c.), and was exposed to 25% 
oxygen and 75% nitrogen; groups 2-5 were exposed to 
either 20, 40, 60, or 75% xenon plus 25% oxygen (with 
the remainder being nitrogen, where ae for 15 
min before injection of NMA, 100 mg kg! s.c.; group 
6 was exposed to 25% oxygen and 75% nitrogen, and 
received saline, 8 ml kg” s.c.; group 7 received 75% 
xenon and 25% oxygen for 15 min before injection of 
saline 8 ml kg”! s.c.; group 8 was exposed to 25% 
oxygen and 75% nitrogen; and received MK801, 0.5 mg 
kg! s.c.; group 9 was exposed to 25% oxygen and 75% 
nitrogen; and received MK80! 0.5 mg ke s.c. 
followed by NMA, 100 mg kg! s.c. 15 min later. 
Doses of NMA and MK801 were selected from a 
previous study.'* Female animals were used because this 
gender has been shown to be more sensitive to 
excitotoxins, particularly for NMDA antagonists that 
are rapidly metabolized;*> for agents that are less 
susceptible to metabolism, such as nitrous oxide, 
neurotoxicity is the same for both sexes. %5 Rats were 
randomly assigned between groups without reference to 
the day in their oestrous cycle. 


Neurotoxicity of xenon, nitrous oxide, ketamine, and 
MKSO1 

Eleven groups (#=3 in each group) of animals were treated 
as follows: group | was exposed to 25% oxygen and 75% 
nitrogen; groups 2-4 were exposed to 40, 60, or 75% xenon, 
plus 25% oxygen (with the remainder being nitrogen, where 
necessary) for 90 min; groups 5-7 were exposed to 40, 50, 
or 60% nitrous oxide, plus 25% oxygen (with the remainder 
being nitrogen) for 90 min: groups 8-10 received ketamine, 
25, 50, or 100 mg kg™ s.c., respectively, and were exposed 
to 25% oxygen and 75% nitrogen; group II received 
MK801, 0.5 mg kg”! s.c. and was exposed to 25% oxygen 
and 75% nitrogen. Doses of ketamine were selected on the 
basis of a previous study,'* and were below those necessary 
to induce a loss of righting reflex. 


Effect of dopamine D2 receptor antagonist 
haloperidol on nitrous oxide- and ketamine-induced 
neurotoxicity 
Five groups (n=3 in each group) of animals were treated 
randomly as follows: group 1 received saline, 2 ml kg"! s 
and were exposed to 75% nitrogen and 25% oxygen; group 2 
received saline before exposure to 75% nitrous oxide and 
25% oxygen for 90 min; group 3 received haloperidol 2.5 mg 
kg”! s.c., 30 min before exposure to 75% nitrous oxide and 
25% oxygen for 90 min: group 4 received saline, 2 ml kg! 
c., before ketamine 50 mg kg” s.c.; group 5 received 
haloperidol 2.5 mg kg! s.c., 30 min before ketamine 50 mg 
kg 
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Neuroprotective and neurotoxic properties of xenon 


Fig 1 Representative coronal sections showing half of the arcuate 
nucleus of the hypothalamus stained for c-Fos positive immunoreactivity. 
(A) Three hours after subcutaneous injection of NMA (100 mg kg`') the 
c-Fos positive neurons are easily visualised by dense black staining. (B) 
For animals injected with NMA but also exposed to 75% xenon there 
was a marked reduction in the number of c-Fos positive neurons. The 
scale bar represents 100 um and the third ventricle is marked V3. 


Gas exposure 


During exposure to 20, 40, 60, and 75% xenon or 40, 60, and 
75% nitrous oxide as mentioned above, the gas mixture was 
introduced into a chamber (International Market Supply, 
Cheshire, UK) using calibrated flow meters. After a flush at 
a flow rate of 4 litres min”! for 3 min, the flow rate was 
reduced to 40 ml min”! for maintenance. The humidity in 
the chamber was maintained between 40 and 60% using 
silica gel (Merck, Leicestershire, UK) and the carbon 
dioxide level was maintained below 0.6% with soda lime. 


Perfusion, brain harvesting, and tissue processing 


For excitotoxicity experiments, rats were killed 3 h after 
NMA administration. For neurotoxicity experiments, rats 
were killed 90 min after exposure. Animals were deeply 





anaesthetized with sodium pentobarbital 100 mg kg ' i.p, 
perfused transcardially with 100 ml heparinized saline 
followed by 4% paraformaldehyde 500 ml in 0.1 M 
phosphate buffer. The whole brain was removed and further 
fixed in 4% paraformaldehyde in 0.1 M phosphate-buffered 
saline (PBS) overnight. The appropriate area of brain was 
sliced and embedded in paraffin. For c-Fos staining in the 
arcuate nucleus (excitotoxicity experiments), three sections 
(25 um) were cut midway between the rostral and caudal 
boundaries of the arcuate nucleus. For c-Fos staining of the 
PC/RS cortices (neurotoxicity experiments), three sections 
(25 um) were cut 6 mm caudal to the bregma at which site 
the maximal lesion had been noted in a previous study.'* 
Sections were dewaxed with 100% xylene, dehydrated with 
various concentrations of ethanol and finally floated in PBS 
for immunohistochemistry. 


Immunohistochemistry 


Sections were incubated for 30 min in 0.3% HO» in 
methanol in order to quench endogenous peroxidase and 
thereafter washed three times in PBS. Following this, the 
sections were incubated for | h in a ‘blocking solution’ 
consisting of 3% donkey serum and 0.3% Triton X in PBS 
(PBT) and subsequently incubated overnight at 4°C in 
1:6000 goat anti-c-Fos antibody (sc-52-G, Santa Cruz 
Biotechnology, Santa Cruz, CA) in PBT with 1% donkey 
serum. The sections were then rinsed three times with PBT 
and incubated with 1:200 donkey anti-goat IgG (Vector 
Laboratories, Burlingame, CA) in PBT with 1% donkey 
serum for 1 h. The sections were washed again with PBT 
and incubated with avidin—biotin—peroxidase complex 
(Vector Laboratories) in PBT for 1 h. The sections were 
rinsed three times with PBS and stained with 3,3- 
diaminobenzidine (DAB) with nickel ammonium sulphate 
to which hydrogen peroxide was added (DAB kit, Vector 
Laboratories) to achieve immunohistochemical visualiza- 
tion. When the staining was complete, the sections were 
rinsed in PBS followed by distilled water and mounted on 
glass slides, dehydrated with 100% ethanol, cleared with 
100% xylene, and covered with cover slips. Unless other- 
wise mentioned, all reactions were performed at room 
temperature. 


Quantitative counting of c-Fos neurons 


The sections were photographed using a digital camera 
(model C2020Z, Olympus Optical, Southhal!l Middlesex, 
UK) attached to a microscope (Olympus model BX50). 
Under identical conditions, photographs were taken from 
each of the three sections per animal and counted for c-Fos 
positive neurons (dense black nuclear staining: see Fig. 1) 
by an author who was blinded to the treatment. The sum of 
c-Fos positive neurons for the three representative sections 
was the aggregate score of each animal for either the arcuate 
nucleus or PC/RS cortices and results are reported as mean 


741 


Ma et al. 












1500 
i p 
| 
do 1 
wn y 
® 
č | 
£ 1000 ~ 
@ 
E 
£ jg 
= 5 5004 
3 5 | 
a g 4004 
(2 -4 ® 300- 
8 500 £ 3004 
H % 2004 
Ò a | 
| g 1004 ek 
IE ginian 
a Control Xenon NMA+ MK801 
75% MK801 
OFS Pots pode a T ee ed 1 


0 10 20 30 40 50 60 70 80 


Xenon concentration (% atm) 


Fig 2 Mean number of NMA-induced c-Fos positive neurones in the 
arcuate nucleus of the hypothalamus is greatly reduced by xenon. Data 
are mean (SEM), **P<0.01} relative to NMA treatment alone. The inset 
shows data from control animals injected with saline and the lack of 
effect when xenon is applied alone (i.e. in the absence of NMA). The 
inset also presents results from a positive control showing that MK801 
(0.5 mg kg”! in the presence of NMA reduces the number of c-Fos 
positive neurones to control levels while having no effect per se. 


(SEM). The statistical analysis was performed by one-way 
analysis of variance, followed by Newman-Keuls test. A 
P value <0.05 was regarded as statistically significant. 


Results 


NMA-induced excitotoxicity in the arcuate nucleus 
of the hypothalamus, the effects of xenon and 
MKS80/ 


Subcutaneously injected NMA (100 mg kg™') produced a 
large number of c-Fos positive neurones in the arcuate 
nucleus of the hypothalamus (1188 (197), mean (SEM)) that 
was greatly in excess of the number (37 (8)) observed in 
control animals injected with saline. Figure 1A is a 
representative section showing c-Fos positive neurones in 
the arcuate nucleus following NMA treatment. Xenon 
exposure produced a marked and concentration-dependent 
reduction in the number of c-Fos positive neurones (Figs 1B 
and 2) with an ICsg of 47 (2)% atm. At the highest 
concentration tested (75% atm) the number of c-Fos positive 
neurones did not differ significantly from the number 
observed in saline-injected animals (P>0.05). In addition, 
the number of c-Fos positive neurones from animals 
exposed to xenon alone at the highest concentration 
investigated (75% atm) did not differ significantly 
(P>0.05) from animals exposed to nitrogen (Fig. 2, inset). 
As a positive control we tested the ability of the prototypical 
NMDA antagonist MK801 to block the induction of c-Fos 
positive neurones in the hypothalamus. MK801 0.5 mg kg™ 


(Fig. 2, inset) injected s.c. reduced the number of NMA- 
induced c-Fos positive neurones to a value (89 (23)) that 
was comparable with that found in the presence of 75% 
xenon (Fig. 2). 


Neurotoxicity in the posterior cingulate and 
retrosplenial cortices following administration of 
xenon, nitrous oxide, ketamine, and MK801 


Using c-Fos expression in layers IN/IV of the posterior 
cingulate and retrosplenial cortices as a marker for 
neurotoxicity, we investigated the extent to which the 
NMDA antagonists xenon, nitrous oxide, ketamine, and 
MK801 exhibited neurotoxicity alone. Figure 3 illustrates 
representative sections showing the posterior cingulate and 
retrosplenial cortices following various treatments. In 
control animals (Figs 3A and 4) the number of c-Fos 
positive neurones was only 109 (29) and this did not change 
significantly (P>0.05) in the presence of xenon up to 75% 
atm (Figs 3B and 4). This was in marked contrast to the 
effects of nitrous oxide (Figs 3c and 4) and ketamine (Figs 
3p and 4), both of which increased the number of c-Fos 
positive neurones in a dose-dependent manner. As a positive 
control, the effects of MK801 at the dose (0.5 mg kg!) that 
we had observed gave maximum neuroprotection to the 
neurotoxic effects of NMA were investigated (Fig. 2, inset). 
This dose of MK801 produced a large and highly significant 
increase in the number of c-Fos positive neurones in the 
posterior cingulate and retrosplenial cortices. 


Effect of haloperidol on nitrous oxide- and 
ketamine-induced neurotoxicity 


The extent to which the neurotoxicity produced by nitrous 
oxide and ketamine could be blocked by the dopamine 
D2 receptor antagonist haloperidol was investigated. 
Pretreatment with haloperidol greatly decreased the number 
of c-Fos positive neurones induced by either nitrous oxide or 
ketamine alone (Fig. 5), and for both agents haloperidol 
pretreatment reduced the induction of c-Fos positive 
neurones to a level comparable with that found in control 
animals (Fig. 5). 


Discussion 


c-Fos as a rapid and sensitive indicator of 
neuroneal injury 


The c-fos gene, a member of a class of immediate early 
genes, is readily induced by a variety of physiological and 
pathological factors. For example, noxious stimulation 
including peripheral sensory stimulation, seizures, and that 
caused by pharmacological agents including glutamate 
receptor agonists and antagonists, can cause an increase of 
c-fos-encoded protein in the spinal cord or higher brain 
centres.” Thus, while c-Fos protein is a neuroneal 
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Fig 3 Nitrous oxide and ketamine but not xenon are neurotoxic. Representative coronal sections showing the posterior cin 


ulate 


cortices stained for c-Fos positive immunoreactivity. (A) Control. (B) Ninety minutes after exposure to 75% xenon. (C) Ninety minu 


to 75% nitrous oxide. (D) Ninety minutes after s.c. injection of ketamine 100 mg kg’ 


marker for neuroneal stress induced by non-lethal stimula- 
tion, under certain conditions, including exposure to exces- 
sive amounts of NMDA receptor agonists or antagonists, c- 
Fos protein can be used as a marker for neuroneal injury 
before cell death or apoptosis.” 7° Furthermore, c-fos gene 
induction and its protein expression precedes heat-shock 
protein expression (a known cell stress indicator which is 
not induced by normal physiological stimuli) or histopatho- 
logical changes.'*”’ Therefore, the protein encoded by the 


c-fos gene can be used as a rapid and sensitive marker of 


neuroneal injury when neurones are under lethal stress and, 
although there may not be a direct causal link, c-Fos 
expression has been used as an indicator to measure both 
neuroprotection by, as well as neurotoxicity of, NMDA 


H) I? 


. 20 22 
antagonists. 


Neuroprotection by xenon 


One of the aims of the present study was to use c-Fos as a 
marker for neuroneal injury to examine whether or not 


The scale bar represents 100 um 


xenon could act as a neuroprotectant. We used a 
paradigm that involves the induction of a select) pe 
neuroneal injury in the arcuate nucleus of the hypothalam 
following s.c. injection of a glutamate recepto yi 
NMA. Excessive activation of the NMDA subty] 
glutamate receptor produces excitotoxicity, whic! 

cated in both acute (e.g. stroke, seizures, hypoxi: 

and chronic (e.g. Huntington’s disease) neuronea 
Moreover, some NMDA receptor antagonists ha 
remarkable efficacy in experimental models 

injury’ © although this promise has not been trans 
clinical utility. One of the possible reasons for the f 
translate this neuroprotective potential to clinica 

be the difficulty that most NMDA receptor antagon 

in penetrating the blood-brain barrier and reac! 

effect site. Xenon, however, is a small apolar at 
rapidly reaches equilibrium with the brain when pri 

the inspired gas. Our results show that, at concentration 
that are easily attainable at normal pressures, xenon is at 
effective neuroprotectant (Figs 1 and 2). Indeed 
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Fig 4 Concentration or dose-response effects of xenon, nitrous oxide, and ketamine on the number of c-Fos positive neurons in the posterior cingulate 
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Fig 5 Haloperidol, a dopamine D2 receptor antagonist, blocks nitrous oxide and ketamine-induced neurotoxicity, Data show the number of c-Fos 
positive neurones in the posterior cingulate and retrosplenial cortices following exposure to 75% nitrous oxide or s.c. injection of ketamine (50 mg 


kg ') compared with control. Results are means (SEM). **P<0.01 relative to control. 


highest concentration we tested (75% atm), which is close to 
the concentration required for surgery,”* ”® the neuroprotec- 
tion achieved was comparable with that obtained using the 
potent NMDA receptor antagonist MK801 (Fig. 2, inset). 


Neurotoxicity of NMDA antagonists 
Although NMDA receptor antagonists have neuroprotec- 
tive properties, they can also cause psychotomimetic 


effects in humans and abnormal locomotor activities in 
rodents." A neuroneal correlate (although not neces- 
sarily the cause) of the ability produce these 
behavioural effects is the damage which NMDA antag- 
produce in PC/RS cortices’? which can be 
assessed by c-Fos expression.” >°! The data in Figures 
3 and 4 show that, unlike nitrous oxide, ketamine and 
MK801, xenon had no effect on c-Fos expression in PC/ 
RS cortices, and that concentrations of xenon that gave 


to 


onists 
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maximum neuroprotection (75% atm) showed no intrin- 
sic neurotoxicity. This corroborates recent work on the 
neurotoxicity of nitrous oxide and ketamine!” and a 
study** that showed nitrous oxide enhanced the neuro- 
toxicity induced by ketamine while this was inhibited by 
xenon. The observation that xenon is able to counteract 
the neurotoxic effects of ketamine, for which there is 
strong evidence of NMDA receptor involvement, 
suggests that xenon, in addition to its ability to inhibit 
NMDA receptors, is likely to have additional targets. 

It has been suggested that the behavioural changes 
produced by ketamine, phencyclidine, and MK801 in 
healthy individuals are similar to those seen in schizophre- 
nia,!! which in turn has been linked to a dysfunctional 
dopamine system. Ketamine is known to induce cortical 
release of dopamine'® and D2 dopamine receptor antag- 
onists ameliorate ketamine-induced prefrontal cortical 
impairment in rats.'® Like ketamine, nitrous oxide also 
causes dopamine metabolic changes in the cortex of rats 
which is seen as an increase of 3,4-dihydroxyphenylalanine, 
the major metabolite of dopamine in the rat brain;! we 
recently confirmed this finding in a tissue culture prepar- 
ation.” In contrast, xenon does not increase dopamine 
release in PC12 cells.!? It is noteworthy that, of the 
neurotransmitters in cortical afferent neurones, only dopa- 
mine is distributed to frontal and cingulate areas.” All of 
the above argue for a possible role of dopamine in the 
neurotoxic effects of NMDA receptor antagonists. The data 
presented here (Fig. 5), showing that the dopamine D2 
receptor antagonist haloperidol blocks the toxicity produced 
by both nitrous oxide and ketamine, provides supporting 
evidence for this view. 


Possible clinical implications 


Xenon, when used as a general anaesthetic, has virtually no 
side-effects??? and rapidly distributes into the CNS when 
breathed. Its ability to act as a neuroprotectant together with 
its apparent lack of neurotoxicity sets xenon apart from 
other anaesthetics, such as nitrous oxide and ketamine, with 
known NMDA antagonist properties. Thus, xenon might be 
considered as the anaesthetic of choice when neuroneal 
injury can be anticipated, for example in cardiac surgery 
requiring coronary artery bypass.?° 
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The increasing number of patients with coronary artery disease undergoing major non-cardiac 
surgery justifies guidelines concerning preoperative evaluation, stress testing, coronary angio- 
graphy, and revascularization. A review of the recent literature shows that stress testing should 
be limited to patients with suspicion of a myocardium at risk of ischaemia, and coronary angio- 
graphy to situations where revascularization can improve long-term survival. Recent data have 
shown that any event In the coronary circulation, be it new ischaemia, Infarction, or revascular- 
ization, induces a high-risk period of 6 weeks, and an intermediate-risk period of 3 months. A 
3-month minimum delay is therefore indicated before performing non-cardiac surgery after 
myocardial infarction or revascularization. However, this delay may be too long rf an urgent 
surgical procedure is requested, as for instance with rapidly spreading tumours, impending 
aneurysm rupture, Infections requiring drainage, or bone fractures. It is then appropriate to 
use perioperative beta-block, which reduces the cardiac complication rate in patients with, or 
at risk of, coronary artery disease. The objective of this review is to offer a comprehensive 
algorithm to help clinicians in the preoperative assessment of patients undergoing non-cardiac 
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Contemporary medicine shows a trend towards more 
aggressive surgery in sicker patients, among whom the 
prevalence of ischaemic heart disease is increasing. This 
tendency creates a requirement for guidance in the 
preoperative evaluation of patients known to have, or at 
risk of, coronary artery disease. There is an abundance of 
studies on this subject, but the way to evaluate these patients 
is still the object of considerable debate. Much of the 
controversy is because of the obvious difficulties of 
conducting large randomized controlled clinical trials on 
this topic, and to the relatively low incidence of periopera- 
tive cardiac events (<10%). The rate of postoperative 
myocardial infarction is 0.7% after general surgery in a 
male population over 50 yr old, but increases to 3.1% after 
vascular surgery where the prevalence of asymptomatic 
coronary artery disease is particularly high. **°! Because of 
this prevalence, most of the studies have focused on 


vascular patients, who represent less than 10% of the adult 
surgical population. This fact may introduce a bias when the 
results are extrapolated to other surgical cohorts 

The purpose of preoperative evaluation is to lower 
perioperative morbidity and mortality with munimal 
expense from preoperative testing, and to concentrate 
economic investment on high-risk patients where special- 
ized tests might modify penoperative management and 
improve long-term benefit. Testing a low-nsk population 
not only increases costs unnecessarily, but may increase 
morbidity and causes harm by delaying a non-cardiac 
operation. The main question to be answered 1s: does the 
patient need cardiological testing? When coronary artery 
disease is present, three other questions arise: may the 
patient benefit from coronary revascularization? Is non- 
cardiac surgery so imperative that it should be carried out 
rapidly despite the risk? Is it possible to decrease this msk? 
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As the workload resulting from perioperative ischaemic 
cardiac evaluation is significant, clinicians need practical 
guidelines for their daily practice. This review aims to offer 
them an update on the literature on preoperative assessment 
of patients known to have, or at risk of, coronary artery 
disease undergoing non-cardiac surgery. It also presents an 
evaluation algorithm used in our institution. The level of 
evidence in the studies cited in the text is mentioned in the 
references. 


Clinical predictors 

Despite sophisticated technologies, history and physical 
examination of the patient remain the key elements of 
preoperative risk assessment. Risk stratification of patients 
with known, or at risk of, coronary artery disease is usually 
based on three elements:'!° (i) the patient risk factors; 
(ii) functional capacity of the patient; and (iii) the risk 
factors of surgery.” The vast majority of the studies has 
been performed in North America and among Veterans 
Administration Hospitals, the population of which consists 
mainly of elderly white male patients. However, the 
prevalence of coronary artery disease and its morbidity 
varies considerably in different countries. For example, the 
incidence of infarction among patients with abdominal 
aortic aneurysm is 16% in France, but 50% in Sweden.“ 55 
Similarly, there are ethnic differences in the response to 
treatment between white and non-white populations.” !** 
Thus, it may be inaccurate to transpose the results of one 
population to another. On the other hand, the risk of surgery 
is highly dependent on surgical skills, anaesthetic care, and 
nursing quality. Each institution should therefore establish 
its own audit in order to take appropriate decisions when 
choices have to be made between different treatment 
modalities. 


Risk factors of the patients 


Risk factors of the patients are usually subdivided into three 
categories: major, intermediate, and minor (Table 1). Major 
predictors are markers of unstable coronary disease and 
include: recent myocardial infarction (<6 weeks), unstable 
or severe angina (class II-IV). ongoing ischaemia after 
myocardial infarction, ischaemia and congestive heart 
failure, or malignant arrhythmias. New or changing symp- 
toms suggest atheromatous plaque rupture: and should be 
presumed to be infarction unless proven otherwise. A 
6-week period is necessary for the myocardium to heal after 
an infarction and for the thrombosis to resolve.!!® Patients 
with coronary revascularization done within the preceding 
40 days should also be classified as high-risk patients.’® 
Because of sympathetic stimulation and hypercoagulability 
during and after surgery, patients with major predictors have 
a five times greater perioperative risk.7°* Only vital or 
emergency surgical procedures should therefore be con- 
sidered for these patients. All elective operations should be 


Table 1 Classification of cardiac msk factors linked to patient status 
modified from references.?° 7? 54 69 83 92 114 CABG=coronary artery bypass 
graft 


Mayor factois (markers of unstable coronary artery disease) 
Myocardial infarction <6 weeks 

Angina class I-IV 

Residual ischaerua after myocardial infarction 

Clinical ischaenma and congestive heart failure 

Clinical ischaenna and malignant arrhythmias 

CABG or PTCA <6 weeks 








Intermediate factors (markers of stable coronary disease) 

Prior myocardial infarction >6 weeks and <3 months (>3 months if 

complicated) by clinical history or ECG abnormalities 

Angina class O 

Asymptomatic patient post infarction with maximal therapy 

Documented previous perioperative ischaemia 

Silent ischaemia (Holter momtonng) 

Post CABG or PTCA >6 weeks and <3 months, or >6 yr, or with anti-anginal 
therapy 

Ventricular arrhythmia 

Diabetes mellitus 

Age (physiological) >70 yr 

Compensated or prior heart failure, eyection fraction <0.35 


Mmo: factors (uvcreased probability of coronary artery disease) 

Familial history of coronary artery disease 

Polyvascular status 

Uncontrolled systemic hypertension 

Hypercholesterolaemia 

Smoking 

ECG abnormalites (arrhythmia, LVH, bundle branch block) 

Post infarction (>3 months), asymptomatic without treatment 

Post CABG or PTCA >3 months and <6 yr, and no symptoms of angina nor 
anti-anginal therapy 


postponed and the patients properly investigated and 
treated. 

Intermediate-risk factors, such as previous myocardial 
infarction (>6 weeks and <3 months) without sequelae or 
threatened myocardium, stable angina (class I-I) with 
optimal medical treatment, or documented previous peri- 
operative ischaemic events, are independent predictors for 
perioperative cardiac complications; they are proof of well 
established but controlled coronary artery disease. Diabetes 
mellitus is included in this category because it is frequently 
associated with silent ischaemia, and represents an inde- 
pendent risk factor for perioperative mortality, as do low 
ejection fraction (EF <0.35) and compensated heart 
failure. The relevance of advanced age (>70 yn), 
hypertension and left ventricular hypertrophy (LVH) to 
the intermediate or minor risk category is still controversial. 
American guidelines tend to consider age as a minor factor 
but, if it is estimated by physiological age and not 
chronological age, it should belong to the intermediate 
category. 0 7250593101 The presence of hypertension 
among intermediate or minor risk categories depends 
probably on the population studied, as it is an easily 
controllable factor in the perioperative period.” LVH has 
been considered as an independent marker of ischaemic 
disease and cardiac complications, but recent recommen- 
dations tend to consider it a minor factor.’ 9397 7° Risk 
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Table 2 MET in increasing order (Duke Activity Status Index) (adapted 
from Hlatky, 1989) 
1-4 MET Standard light home activites 

Walk around the house 

Walk 1-2 blocks on level ground at 3-5 km h! 
Climb a flight of stairs, walk up a hill 

Walk on level ground at >6 km h“! 

Run a short distance 

Moderate activities (golf, dancing, mountain walk) 
Strenuous sports (swimming, tennis, bicycle) 
Heavy professional work 


5-9 MET 


>10 MET 


factors are additive: complication rates increase with their 
number, as does the necessity to investigate the patients.© ”° 

Minor risk factors are markers of an increased probabil- 
ity of coronary artery disease, but not of an increased 
perioperative risk; they are mentioned in Table 1.? In 
patients asymptomatic within 6 yr after coronary artery 
bypass grafting (CABG) or percutaneous transluminal 
coronary angioplasty (PTCA), evidence suggests that the 
risk of subsequent non-cardiac surgery is the same as in non- 
coronary patients, as long as the delay of 3 months is 
respected after revascularization, and the stress tests are 
negative within the previous 2 yr.7! 2263785111 


Functional capacity 


Exercise tolerance is a major determinant of perioperative 
risk.” 724? 8! Jt is usually evaluated by the estimated energy 
requirement for various activities, and graded in metabolic 
equivalents (MET) on a scale defined by the Duke Activity 
Status Index (Table 2).°* One MET represents the oxygen 
consumption of a resting adult (3.5 ml kg? min’). 
Ergometric measurements on a treadmill inducing ischae- 
mia at low-level exercise (<5 MET or heart rate <100 min“) 
identifies a high-risk group, whereas the achievement of 
more than 7 MET (or heart rate >130 min“) without 
ischaemia identifies a low-risk group.” Vascular patients 
who are able to exercise to 85% of their maximal heart rate 
have a low risk of a perioperative cardiac event.” More 
simply, the inability to climb two flights of stairs is 
associated with a positive predictive value of 89% for 
cardiopulmonary complications.** In the absence of valve 
pathology, the ejection fraction of the left ventricle can be 
considered as an adequate measurement of the myocardial 
functional reserve.’™ Patients with good functional capacity 
and no symptoms can be considered free of any severe 
coronary artery disease.®° Despite its predictive value in the 
perioperative setting, the Duke Activity Status Index has 
never been specifically tested for ischaemic patients.** 


Risk factors associated with surgery 


Surgical procedures can be stratified into three categories, 
according to their level of perioperative physiological stress 
(Table 3).2°7* When estimating the risk of an operation, one 


Table 3 Cardiac nsk classificauon of non-cardiac surgical procedures 
adapted from ACA/AHA guidelines for penoperative cardiovascular 
evaluation for non-cardiac surgery? 7 





Minor procedures (cardiac complication rate <1%) 
Endoscopic procedures 

Ambulatory surgery 

Breast and superficial procedures 

Eye surgery 

Plastic and reconstructive surgery 


Intermediate procedures (cardiac complication rate 1-5%) 
Minor vascular surgery, including carotid endarterectomy 
Abdominal and thoracic procedures 


Major procedures (cardiac complication rate >5%) 
Emergency intermediate and major procedures 

Aortic and major vascular surgery 

Prolonged surgical procedures, large fluid shifts or blood loss 
Unstable haemodynamic situations 


must also take into consideration the risk of not operating on 
the patient. This evaluation is particularly important for 
oncological or limb salvaging procedures. It ıs unethical to 
reject a patient when their survival is threatened by the 
disease—as with rapidly spreading tumours, impending 
aneurysm rupture, infections requiring surgery, or disabling 
bone fractures. In order to balance the rsks, it might be 
necessary to limit the extent of the planned procedure, or to 
plan repeated operations. Risk reduction strategies must also 
be applied, such as maintaining normothermia, avoiding 
extreme anaemia, controlling postoperative pain, and pre- 
scribing perioperative beta-block.”6 10 !”’ The performance 
of the individual institution must be taken into account, 
as it is a determinant factor in the success of particular 
procedures. 


Previous ischaemia 


During the 1980s, the rule prevailed to wait 6 months after a 
myocardial infarction before embarking on non-cardiac 
surgery.”’ 10° 114 Since then, the cardiological management 
and the functional assessment of patients have evolved 
significantly. It appears now that the risk after a previous 
infarction is related Jess to the age of the infarction than to 
the functional status of the ventricles and to the amount of 
myocardium at risk from further ischaemia, as evaluated 
during convalescence.”* !**!® A small infarction without 
residual angina in the context of a good functional status 
allows essential non-cardiac surgery as soon as 6 weeks 
after the ischaemic episode.'!* On the contrary, a patient 
with a large infarct, residual symptoms and ejection fraction 
below 0.35 has a high probability of a further cardiac event, 
even 6 months after the infarction. Usual practice guidelines 
consider the period within 6 weeks of infarction as a time of 
high risk for a perioperative cardiac event, because it is the 
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mean healing time of the infarct-related lesion.” 80116 The 


period from 6 weeks to 3 months is of ıntermediate risk; this 
period is extended beyond 3 months in cases with 
complications such as arrhythmias, ventricular dysfunction, 
or continued medical therapy.! In uncomplicated cases, no 
benefit can be demonstrated for delaying surgery more than 
3 months after an ischaemic accident.'!° 


Previous coronary revascularization 


Patients who do well after CABG have an attenuated risk of 
cardiac events during subsequent non-cardiac surgery. 
Retrospective studies have disclosed a significant improve- 
ment in survival of revascularized patients, particularly 
those with triple-vessel coronary artery disease and 
depressed ventricular function, when they undergo subse- 
quent non-cardiac vascular surgery.*° °° '?° In the Coronary 
Artery Surgery Study (CASS) experience, these patients 
have a mortality of 0.9%, instead of 2.4% for those who 
have not been revascularized;?” recent data show the same 
trend.°! However, when the complication and mortality 
rates of CABG are taken into account, the combined 
mortality of cardiac and non-cardiac procedures is not 
different from the mortality of non-cardiac surgery when 
ischaemic heart disease has been managed by medical 
treatment only.*” A patient might therefore benefit from 
preoperative coronary revascularization if the CABG pro- 
cedure presents a low risk and will improve long-term 
survival, and if the planned non-cardiac procedure is high 
risk but can wait for at least 3 months. 

The short-term effect of prophylactic CABG among 
vascular patients has been addressed in two decisional 
analyses; both showed it was safer to proceed directly with a 
non-cardiac operation and close monitoring before coronary 
revascularization.*! 7° The benefit of coronary revascular- 
ization might be even lower among patients undergoing 
non-vascular surgery, as they have already a lower 
probability of perioperative cardiac events. ** Obviously, 
there is no indication to advise prophylactic revasculariza- 
tion in order to protect the ischaemic myocardium from the 
effects of a subsequent non-cardiac operation. The indica- 
tions for coronary revascularization are aimed at reducing 
long-term mortality and prolonging survival.” 675 They 
are the same in patients being evaluated for a non-cardiac 
operation as for non-surgical population and include: 
unstable angina, left main coronary artery disease, three- 
vessel disease, proximal left anterior descending artery 
disease, and decreased ventricular function. 

Asymptomatic, functionally active patients with previous 
successful coronary revascularization within the last 6 yr are 
in a low-risk category and should not be investigated further 
for a non-cardiac operation; this cut-off point is based on a 
slight but non-significant increase in postoperative infarc- 
tion rate among patients 6 yr after CABG surgery.”! Patients 
having a negative stress test or satisfactory angiography in 
the last 2 yr can be cleared for non-cardiac surgery without 


further testing, if the symptomatology and treatment have 
not changed since the examination. ”® ”” 

In the 1990s, it seemed that PTCA had a significant 
protective effect on the ischaemic complications of subse- 
quent non-cardiac surgery. In two studies from the Mayo 
Clinic, major vascular surgery was performed on average 11 
days after PTCA;7’** overall mortality of surgery was 
halved and infarction rate five times less in the groups 
having previous PTCA compared with non-revascularized 
patients. Such results with dilatative angioplasty have been 
repeated, showing improvement in vascular surgery out- 
come for patients having undergone PTCA 11 days to 18 
months earlier.** However, with the advent of stenting 
during PTCA, recent studies have heralded fundamentally 
different results. In one study, there were eight deaths and 
seven myocardial infarctions among 40 patients who 
underwent ccronary stent placement less than 2 weeks 
before non-cardiac surgery. In addition, patients under- 
going non-cardiac surgery within 40 days of PTCA are 
nearly three times more likely to have an adverse cardiac 
event than normal controls, and are no less likely to have a 
poor cardiac outcome than non-revascularized patients until 
90 days after PTCA. Any surgery performed within 6 
weeks of PTCA presents an excessive risk of stent 
thrombosis and infarction if the antiplatelet medication is 
stopped, or of major bleeding if the treatment is maintained 
throughout the operation.” 7° H° This is a period of major 
risk: most of the re-stenoses requiring repeat PTCA occur 
during the first months after stenting, and documented stent 
thrombosis is associated with a mortality rate of 7%. "7 
The optimal timing for surgery ıs therefore a delay of 3 
months after PTCA and stenting. Compared with PTCA, 
CABG with internal mammary grafting has a better long- 
term protective effect, particularly in diabetic patients;** the 
rate of late cardiac events (>3 yr) is halved in surgically 
revascularized patients.”’ ** 


Preoperative testing 

Preoperative testing is aimed at answering precise questions 
raised by clinical history and examination. No cardio- 
vascular test should be performed if the results will not 
change perioperative management. The therapeutic impact 
may differ according to the situation: medical treatment 
may be optimized, surgical procedure modified, anaesthetic 
management adjusted, or the risk/benefit ratio of a surgical 
procedure evaluated differently. These complex decisions 
can be taken more objectively when the actual risk can be 
quantified by appropriate screening tests.” However, no 
magic test will ever exist to fully stratify all risks, because 
perioperative cardiac events are multifactorial.** 

The indication for preoperative tests is based on Bayes’ 
theorem, which specifies that the predictive value of testing 
is optimized when it is applied to an intermediate-risk 
population (Table 1), as the incidence of false negatives 
and false positives is inversely proportional to disease 
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Table 4 Comparison of three preoperative stress tests. *Relative risk 1s the 


ility of a cardiac event when a test result is positive divided by the 


probability of that event when the test result 1s negative (modified from Mantha 


Test Median relative Sensitivity 
risk* (%) 

Ambulatory ECG (Holter) 27 68 

Exercise ECG 69 

Dipyridamole-thallium 46 85 

DSE 6.2 80 90 





prevalence. The probability of a complication is a function 
of the probability of the disease in the category to which the 
patient belongs. In such a Bayesian model using clinical 
predictors and results of dipyridamole-thallium scintigraphy 
(DTS), it appears that modifications are introduced by the 
test only in the intermediate-risk patient category. Without 
symptoms of angina, previous infarction or heart failure, the 
probability of suffering from coronary artery disease is 6%; 
if diabetes is also excluded, the probability falls to 4%;% 
further testing of such a patient has an extremely low impact 
on complication rate. Similarly, the outcome of a patient 
with a clear history of active coronary artery disease will not 
be modified by screening tests. 

Stress tests (exercise ECG, DTS, or dobutamine 
echocardiography) are dynamic investigations, which 
demonstrate the ischaemic threshold, the maximal tolerated 
heart rate, the localization, and the amount of threatened 
myocardium. An interruption of the test before reaching the 
maximal theoretical heart rate identifies an increased risk of 
perioperative ischaemic events.” The positive predictive 
value of all stress tests is modest (20-30%), whereas their 
negative predictive value is excellent (95-100%); this 
should not be surprising, as the incidence of perioperative 
cardiac complications is low (<10%) and more than 90% of 
patients have a straightforward perioperative course.’° In a 
meta-analysis of the predictive value of four preoperative 
tests (DTS, ejection fraction estimated by radionuclide 
ventriculography, ambulatory electrocardiography, and 
dobutamine stress echocardiography (DSE)), DSE appears 
more discriminating, but the data do not allow selection of 
an optimal test because of overlapping confidence intervals 
(Table 4).”? DSE seems particularly informative because it 
investigates the segmental coronary blood supply and 
allows simultaneous quantification of ventricular function. 

The pertinence of tests is increased for multi-vessel 
disease, but diminished in cases of isolated single-vessel 
stenosis.*! Beside the specificities of each test, it is the 
expertise of its medical interpretation and the characteristics 
of the population in which it is applied which alters its 
impact. Such differences may introduce significant bias 
when comparing the efficiency of these tests in predicting 
outcomes. The comparison of various studies is further 
confounded because some are based on consecutive case 
recruitment, whereas others analyse selective testing of 
classes of patients.*? 


**Cost at the University Hospital of Lausanne (CHUV), Switzerland 


Specificity Positive predictive Cost** 
(%) value (%) (€) 
66 25 190 

73 20 220 
80 23 410 

30 570 


Electrocardiography (24 h Holter monitoring) 


Preoperative ambulatory ECG (Holter monitoring) is rela- 
tively inexpensive but may be difficult to analyse because of 
electrocardiographic abnormalities precluding adequate 
interpretation in up to 50% of patients.” One highly 
powered study demonstrated that the detection of silent 
preoperative ischaemia has a positive predictive value of 
38% for postoperative cardiac events, whereas its absence 
precludes perioperative problems in non-vascular surgery in 
99% of patients and in vascular surgery in 86%. When 
electrocardiographic criteria of LVH were added to ST 
segment depression, the preoperative Holter ECG became 
significantly predictive of postoperative events.°* However, 
other studies show less clear-cut data, and results are not 
unanimous in non-cardiac surgery, probably because post- 
operative ischaemia is primarily a result‘of ischaemic events 
occurring during surgery.°’© °° Perioperative stress and 
techniques of patient management are probably more 
determinant features than the presence of preoperative 
electrocardiographic signs of ischaemia. 


Exercise ECG 


The exercise ECG is a widely available and inexpensive 
method of screening for coronary artery disease but depends 
on the exercising ability of the patient and the legibility of 
the ECG. Often, vascular patients do not reach the target 
heart rates because of limb claudication, and therefore have 
an inadequate examination. In patients who can perform the 
test, studies conducted in vascular and non-vascular patients 
are not conclusive for its ability to predict perioperative 
cardiac complications.*” 4159113 However, a recent pro- 
spective study on intermediate-risk patients confirmed that a 
ST-segment depression of 0.1 mV or more during exercise 
is an independent predictor of perioperative ischaemic 
events.°” Because of its availability and low cost, the 
exercise ECG should be considered as the first screening 
step in stress testing for non-vascular patients with a normal 
ECG and good mobility.”° 


Dipyridamole-thallium scintigraphy 

When myocardial perfusion is increased by vasodilation 
with dipyridamole, infarcted areas appear as fixed defects, 
whereas ischaemic myocardium appears as defects, which 
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are reversible when reperfused on later images. There is an 
incremental increase in the probability of postoperative 
cardiac events with increasing size and number of these 
defects, '* 14 Reversible defects are efficient markers of the 
myocardium at risk, and are clearly associated with an 
adverse cardiac event.'? Quantification of their delayed 
redistribution at 4-24 h is more predictive of cardiac death 
or myocardial infarction than simple dichotomous 1nter- 
pretation in positive/negative results.> 108118 There is 
strong evidence that DTS has a good predictive value for 
determining a low or high operative risk when applied to a 
selected population of clinical intermediate-risk, vascular 
patients.™ !!8 However, it has no real screening value, when 
applied to a large unselected vascular or non-vascular 
population, or among patients already classified clinically as 
low- or high-risk candidates for surgery.“ © 


Left ventricular ejection fraction 


There is strong evidence that simple assessment of the 
resting ejection fraction by transthoracic echocardiography 
alone does not improve prediction of ischaemic complica- 
tions in cardiac patients, although it is useful for evaluating 
outcome in current or poorly controlled heart failure.?? *? 7” 
A depressed ejection fraction predicts only postoperative 
left ventricular dysfunction and correlates better with late 
than early postoperative cardiac events. 1°? Technetium- 
99 radionuclide angiography offers a more precise and more 
reproducible measurement, but is not a better predictor of 
ischaemic events.'!’ 


Dobutamine stress echocardiography 


An increase in oxygen demand following dobutamine 
perfusion (40 ug kg min™') is more discriminative, as it 
can induce wall motion abnormalities pathognomonic of 
ischaemic myocardium. According to most meta-analyses, 
it offers the best prediction for perioperative events, with a 
negative predictive value close to 100% and a positive 
predictive value up to 38% among intermediate- or high-risk 
patients (Table 4), even if it does not add discriminative 
power in patients with no clinical markers of coronary artery 
disease.!! 79748488108 patients demonstrating extensive 
ischaemia under dobutamine stimulation (>5/16 left ven- 
tricular segments involved), experience 10 times more 
cardiac events than patients with limited stress-induced 
ischaemia (<4 segments involved).'' Based on a Dutch 
study of 1351 consecutive patients undergoing major 
vascular surgery, DSE can be considered as an effective 
test for identifying the small group (2%) of patients at high 
ischaemic risk who should undergo coronary angiogram and 
possible revascularization. In contrast, patients with 
moderate risk (<4 segments involved) could undergo 
surgery directly under beta-block protection.!" 


Coronary angiography 

Coronary angiography is an invasive procedure, which 
carries mortality of 0.01-0.05%, and a morbidity of 
0.03-0.25%.’> It is indicated only in cases of unstable 
coronary syndromes, of uncertain stress tests in high-risk 
patients undergoing major surgery, or when there is a 
possible indication for coronary revascularization.”” When 
the coronary artery disease is diffuse in small vessels, as in 
subendocardial ischaemia without wall motion abnorm- 
alities, or when the patient is not a candidate for 
revascularization because of comorbid states, coronary 
angiography has little impact, as the probability of the 
results leading to PTCA or CABG is very low.!™ Coronary 
angiography should therefore be performed before a non- 
cardiac operation only in high-risk patients who warrant 
coronary revascularization for medical reasons, irrespective 
of the preoperative context. 


Test limitations 


Predictions are only probabilities of events: a negative 
preoperative test in a particular patient, although reassuring 
for the anaesthetist, does not mean that cardiac complica- 
tions are excluded. Independent of its prognostic capacity, 
each test has its own advantages and contraindications 
(Table 5). More importantly, the primary factor for deciding 
the most efficient test is institution-specific: the best 
prediction will be provided by the most qualified depart- 
ment, whether it is cardiology, nuclear medicine, or the echo 
laboratory. i 

The concept that postoperative ischaemia and infarction 
are related to perioperative excess oxygen demand is 
supported by the fact that ischaemic events peak at the 
second and third postoperative day, whereas tachycardia is 
maximum during days 1 and 2.° Patients with higher 
maximum heart rates after surgery have more ischaemic 
episodes and z longer cumulative duration of ischaemia.” 
There is a strong correlation between immediate post- 
operative ischaemia (ST-segment depression) and cardiac 
events supervening after surgery.’ Nowadays, stress 
echocardiography is the closest replication of an equivalent 
increase in myocardial oxygen consumption. Nevertheless, 
there is no test that adequately mimics the physiological 
stress response to. surgery, with prolonged sympathetic 
stimulation and tachycardia, increased coronary vasomotor 
tone, hypercoagulability, potential atheromatous plaque 
rupture leading to thrombus formation, hypothermia, and 
blood loss.78731° Moreover, the culprit lesion causing 
myocardial infarction often occurs in a insignificantly 
stenosed coronary vessel} Although DTS and DSE 
have good predictive accuracy in patients undergoing 
vascular surgery,” ® they seem not as efficient in patients 
undergoing nen-vascular operations. !* Without pro- 
spective studies on selected populations, it is not yet 
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Table 5 Advantages and disadvantages of preoperative tests 





Test Advantages 


Disadvantages 





Tests for myocardial perfusion 


Ambulatory ECG (Holter) Sumple, non-invasive 


Baselune ECG abnormalities restrict diagnostic possibilities, poor 
predictive ability 

Relies on patient mobility, baseline ECG abnormalities restet 
diagnostic possibilities, poor predictability ın vascular patients 
Contraindicated in unstable angina and asthma, delayed images 
at 4 to 24 h use of radioactive matenal, requires overnight fasting 
Depends on transthoracic echogenicity, operator-dependent 


Diagnostic only ın case of transmural ischaemia, no predictability 
for ischaemia 
Expensive, less availability 


Exercise ECG Simple, non-invasive 
DTS Sensitivity 85%, specificity 80% 
DSE Sensitivity 80%, specificity 90%, 
ventricular function detects dynamic ischaenua 
Tests for myocardial function 
Transthoracic echo Sumple, rapidly available 
Technetium-99 scanning No interobserver variability, 
high reproductibility 





possible to define the real impact of stress tests on outcome 
in general surgery. 

Patients receiving effective chronic beta-block are diffi- 
cult to evaluate with stress tests because they have a limited 
increase in heart rate and cardiac output on exercise. The 
sensitivity of stress tests for diagnosing a coronary lesion is 
significantly lowered under these circumstances.” 1? 
However, as a preoperative prognostic tool, these tests 
retain their full value, as they demonstrate which level of 
stress these patients can endure before showing myocardial 
ischaemia under the protection of, beta-adrenergic antagon- 
ism. The decreased incidence of ischaemic modifications 
with beta-block is a diagnostic drawback, but is nevertheless 
a demonstration of the level of protection reached with this 
medication. : 

Testing takes time and money. Only intermediate-risk 
(Table 1), and low-functional status (Table 2) patients, 
undergoing major or vascular surgery (Table 3) benefit from 
stress testing. High-risk patients should undergo coronary 
angiography. In a theoretical model of decision analysis, 
using as an end-point mortality rates for abdominal aortic 
aneurysm resection and CABG, Glance“ suggests that 
preoperative screening, in which high-risk patients proceed 
directly to angiography and possible CABG, intermediate- 
risk patients are first screened with DTS, and low-risk 
patients undergo no testing before vascular surgery, may 
improve 5-yr survival from 77 to 86%. In this model, routine 
testing of all patients is of no benefit compared with 
selective testing of the intermediate-risk category, and is 
more expensive. Some patients have an obvious indication 
for urgent surgery and yet have a clinical coronary status, 
which would require investigation because of the possible 
need for revascularization. Testing and treating them would 
impose an unacceptable delay in the surgical treatment of 
the life-threatening primary disease. In such a case, it is not 
indicated to thoroughly investigate the patient, as the 
decision to operate with the shortest delay 1s made whatever 


the results. Based on recent data on risk stratification, ıt can 
be asserted that these emergency operations can be 
performed as soon as possible, but should be accompanied 
by perioperative treatment with beta-blockers.!! 9° 127 


Diabetes mellitus 


In diabetic patients, the risk of coronary artery disease is two 
to four times higher than in the corresponding general 
population.? Moreover, diabetes is frequently associated 
with silent ischaemia; if detected by Holter monitoring, it 
has a positive predictive value of 35% for postoperative 
cardiac events.°° Asymptomatic diabetic patients have an 
incidence of ischaemic events similar to patients with stable 
coronary artery disease.“ Clinicians should have a low 
threshold for cardiac testing in diabetics, as the following 
factors must be added to the usual minor clinical predictors 
(Table 1): obesity, physical inactivity, albuminuria, dys- 
lipidaemia, and age more than 55 yr.” Chronically 
elevated glucose (>11 mmol litre!) and glycosylated 
haemoglobin levels greater than 7% are better predictors 
of cardiac events than the simple presence of dia- 
betes.!©*7 '°3 Diabetics with proven coronary artery disease 
(intermediate-risk predictors) have a much poorer long-term 
outcome after vascular surgery, with an increased prob- 
ability of cardiac death or myocardial infarction compared 
with non-diabetics with equivalent coronary artery 
disease 1214 

Asymptomatic diabetic patients with two or more risk 
factors should be investigated by stress testing if they have a 
low-functional capacity (Table 2), or if they are to undergo 
major or vascular surgery. Only individuals with good 
functional capacity undergoing munor or intermediate 
surgery (Table 3) can proceed directly to surgery. This is 
a more aggressive attitude than for the general population. 
The modification of hypoglycaemic symptoms with beta- 


753 


Chassot et al. 


blockers does not preclude their use in diabetics, as they 
offer a perioperative protection against ischaemia.“ 17 


Vascular surgery 


Preoperative evaluation for coronary ischaemia most fre- 
quently involves vascular surgical patients, even if they are 
asymptomatic because of limitations in physical activity: 
37% of surgical vascular patients without symptoms of 
myocardial ischaemia have significant coronary disease at 
angiography, and 15% have disease that warrants interven- 
tion.! 57° The perioperative infarction rate in vascular 
surgery is three times higher than in non-vascular surgery.°! 
The mortality rate for non-cardiac vascular surgery in 
patients with coronary artery disease 1s 5~9%, whereas it is 
only 1-2% in patients free of coronary disease, or in patients 
who have had previous CABG.2”“°*? The incidence of 
perioperative non-fatal myocardial infarction in vascular 
surgery is 8.5% when the patients have proven coronary 
artery disease, but only 1.6% in patients with no risk factors, 
and 1.9% if the patient has had a CABG;”!!!8 the latter 
results are obtained in patients who survived at least 6 
months after their cardiac operation. 

The data might seem to support prophylactic CABG. 
However, the mortality/morbidity of coronary revascular- 
ization, of a non-cardiac procedure and of postponement of 
vascular surgery must be added.” ’! The mortality of 
vascular patients in cardiac surgery (6.5%) is much higher 
than the mortality of patients without vascular disease 
(0.5-2%),® 3! 5082989 Prior CABG offers no short-term 
benefit to these patients. In a decision analysis study 
comparing the strategy of prior coronary revascularization 
vs proceeding directly to vascular surgery, Mason and 
colleagues found poorer overall short-term outcomes with 
the combined procedures for the four end points of non-fatal 
myocardial infarction, stroke, cost, and mortality.” The 
indication for revascularization is the potential long-term 
benefit of an increased survival, independent of non-cardiac 
operative events. Routine coronary angiography in vascular 
patients does not provide short-term perioperative benefit.“ 

In a retrospective study on 6895 US Medicare patients, it 
appears that coronary revascularization has a protective 
effect on cases undergoing abdominal aortic surgery (fall in 
mortality from 4.1 to 2.8%), but not on those who 
underwent infra-inguinal vascular surgery.” In older 
patients (>70 yr), the benefit of previous coronary 
revascularization is probably non-existent, as mortalıty 
correlated to CABG or PTCA increases with age and the 
potential life-prolonging effect decreases. Finally, the 
benefit from CABG or PTCA may vary considerably 
between different institutions or different surgeons: when 
the perioperative mortality of abdominal aortic surgery is 
low (<3%), preoperative testing for coronary artery disease 
becomes insignificant in modifying the clinical outcome, 
and previous revascularization is no longer necessary 1n all 
but highly symptomatic patients. 1% 


Pharmacological pretreatment 


Is any pharmacological perioperative treatment protective 
against ischaemia? In the past, controlled studies with 
nitrates, calcium-channel blockers, clonidine, or digoxin 
have all produced negative answers.” 14 1825% More recent 
prospective randomized studies have focused on the use of 
beta-blockers with favourable results.'*” In both vascular 
and general surgery, the cardiac perioperative mortality is 
reduced by &% and the ischaemic complication rate by 15% 
in patients treated with atenolol.’’ Among vascular patients 
with abnormal DSE, cardiac mortality, and morbidity are 
lowered from 34% in a control group to 3.4% in a group 
treated with bisoprolol.” Perioperative beta-block reduces 
the mortality of vascular patients in all risk categories 
except in patients with unstable coronary syndromes 
needing revascularization, as indicated by extensive ischae- 
mia induced at DSE."! The treatment is started a few days 
before surgery, and continued during the first postoperative 
week. The dose is titrated to achieve a resting heart rate 
between 50 and 60 beats min). Older age is not a 
contraindicazion.'*° If preoperative administration is not 
possible, i.v. beta-block at the start of anaesthesia, followed 
by continuous postoperative treatment, is also efficient. "° 
During a 3-yr follow-up, continuous administration of 
bisoprolol also protects from late ischaemic cardiac events 
after vascular surgery.®?°! As sympathetic stimulation and 
tachycardia are among the most important factors in the 
development of perioperative myocardial ischaemia, and as 
ischaemia might appear in an insignificantly stenosed 
coronary artery, it is not surprising that sympathetic block 
is an effective method of preventing cardiac morbidity and 
mortality in non-cardiac surgery, as it is in non-surgical 
patients after myocardial ınfarction.”® 4? 4° There might 
be non-responders, as recent investigations have disclosed 
less effect of beta-block in American black individuals than 
in the white population.” 1*4 

As a consequence, in patients with known, or at risk of 
coronary artery disease, beta,-selective antagonists should 
be considered in the perioperative period when these 
patients are to undergo major or vascular surgery. Despite 
the concern of many anaesthetists, the benefits of fewer 
cardiac complications in patients with coron artery 
disease outweigh the risks of adverse effects in stage IV 
peripheral arterial disease, diabetes, and obstructive lung 
disease. 1! *4 112 121 127 Th most cases, the risk of non-cardiac 
surgery alone with prophylactic beta,-block is lower than 
the cumulative risk of coronary angiography, a revascular- 
ization procedure and a non-cardiac vascular operation. 1? %* 

Nevertheless, the recent trend towards beta;-antagonism 
is essentially based on six publications summing up a 
total of 502 patients receiving perioperative beta- 
block.'! 713031120126 Only three of them are randomized 
(total, 201 beta-block patients), 1°? 1°% and only two are 
outcome studies (158 beta-block patients vs 154 controls, 
short- and long-term follow-up).”? *°*! 120 Obviously, more 
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Fig 1 Algonthm for evaluating patients suffering from, or at risk of, myocardial ischaemia. 


studies are needed before this therapy can be presented as 
state-of-the-art management. 


Algorithm 
The American College of Cardiology/American Heart 
Association Guidelines for Perioperative Cardiovascular 
Evaluation for Noncardiac Surgery have promoted recom- 
mendations based on evidence and expert opinions, and 
summarized them in a decisional algorithm which has 
proven efficient and cost-effective when tested on clinical 
patients for vascular surgery.° 7°? The American College 
of Physicians has adopted a position based on a meta- 
analysis of: studies considered of strong, fair, or weak 
quality, and proposed an algorithm based on a modified 
cardiac risk index;' * vascular and non-vascular surgery are 
separated. Other workers have published their own views on 
preoperative cardiac assessment, and have suggested useful 
paradigms,2656 72 74 115 

In our proposition (Fig. 1), the algorithm starts with a 
stratification of patients in three categories on the basis of 
clinical predictors (Table 1): low-risk (increased probability 
of coronary artery disease), intermediate-risk (stable 
coronary artery disease), and high-risk (unstable coronary 
syndrome). It proceeds through two evaluation steps: the 
exercise tolerance of the patient (cut-off point between 4 
and 5 MET, Table 2) and the importance of the surgical 
procedure (minor, intermediate, or major, Table 3). Stress 


tests are performed only in the intermediate-risk category. 
Coronary angiography is considered in patients with 
unstable coronary syndromes or with stress tests revealing 
large areas of myocardium at risk. High-risk patients should 
undergo only mandatory or emergency procedures; anaes- 
thesia should then be provided by an experienced 
anaesthetist using imvasive monitoring and aggressive 
treatment of haemodynamic or ischaemic abnormalities. 
The choice of anaesthesia technique, like use of epidural 
analgesia, might be of significance in cardiac morbidity and 
mortality, but this is outside the scope of this review.°? 


Conclusions 


Several studies have addressed the problem of preoperative 
evaluation of patients known to have, or at risk of, coronary 
artery disease. Nevertheless, in the absence of large, 
randomized, multicentre studies with clear-cut results, we 
have to rely on evidence-based medicine and Bayesian 
analysis for choosing preoperative strategies. The proposed 
framework suggests a rather conservative approach, limit- 
ing stress testing to intermediate-risk patients with suspicion 
of a myocardium at risk of ischaemia, and coronary 
angiography to situations where revascularization can 
improve long-term survival. A specialized and costly test 
is indicated only when the additional information provided 
has a positive impact on patient outcome. 
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Recent publications tend to show an increased risk of 
proceeding with non-cardiac surgery less than 3 months 
after coronary revascularization, which has been demon- 
strated to have no place in preventing the ischaemic 
complications of non-cardiac operations. Moreover, it is 
frequently impossible to wait to treat myocardial ischaemia 
when the patient requires a life-saving operation. In these 
situations, recent studies, although scarce, have demon- 
strated a marked benefit of operating under the protection of 
beta,-adrenergic antagonism. As postoperative infarction 
has a better correlation with peri- and postoperative 
ischaemic events than with preoperative ischaemia, it 
seems logical to be aggressive in the prevention and 
treatment of perioperative events. Finally, it appears that 
the best strategy is very institution-specific. Every institu- 
tion should construct its own guidelines, based on local 
performances and results. 

To help clarifying the comparison between different 
publications with dissimilar methodologies, the references 
are annotated into levels of evidence according to the 
guidelines of evidence-based medicine. Level I of evidence 
contains large studies with prospective, randomized selec- 
tion of patients, blinding, and clear-cut results. Level I 
contains small, randomized trials with uncertain results. 
Level I comprises non-randomuzed studies with contem- 
poraneous controls. Level IV corresponds to non-random- 
ized studies with historical controls. Level V includes 
uncontrolled case series and expert opinions. Theoretical 
models, meta-analyses, and guidelines are not coded. 
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Background. Several attempts have been made to evaluate patients’ concerns with respect to 
postoperative recovery. To identify aspects of postoperative recovery relevant to patients, sev- 
eral methodological and statistical approaches have been used. One of the first to provide use- 
ful information was Fredrick Orkin who used conjoint analysis. This methodology ts usually 
performed by market researchers to learn about the relative importance of product attributes. 
We used conjoint analysis In the present study. 


Methods. A total of 220 patients undergoing preoperative anaesthetic examination before 
impending surgery under general anaesthesia were asked to rate nine scenarios during immedi- 
ate postoperative recovery based on four factors (alertness, pain, postoperative nausea and 
vomiting (PONY), and extra costs) each with three levels. Using conjoint analysis the relative 
impact of each factor on ranking the scenarios was assessed. 


Results. The relative Importance of the four factors (as a percentage of the preference deci- 


Patient preferences for immediate postoperative recovery 
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sion) was PONY (49%), pain (27%), alertness (13%), and additional costs (11%). 


Conclusion. Avoidance of PONV is a major concern for patients before surgery. 
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Improved surgical and anaesthetic techniques have mini- 
nuzed morbidity and mortality associated with surgery. In 
turn, anaesthetists have focused on other issues of import- 
ance to the patients. Several attempts have been made to 
evaluate the patients’ concerns with respect to postoperative 
recovery. In these studies, different methodologies have 
been used, including traditional face to face or paper-based 
interviews,! willingness to pay, or rating of virtual 
scenarios.’ 

One of the first to provide useful information about 
patients’ preferences for their postoperative recovery was 
Fredrick Orkin who reported results from a survey of nurses, 
anaesthetists, support staff, and computer personnel at a 
national meeting.* Forty-seven subjects were asked to rate 
16 scenarios of immediate postoperative recovery and 15 
min were given to perform the rating. Conjoint analysis was 
used to judge the relative contribution of each item on the 
final scenario rating. It was found that postoperative nausea 
and vomiting (PONV) was a major concern. To prevent this 


complication, they were willing to accept other side-effects, 
including extra payment (15-50 US$). Although the inter- 
esting data have not yet been published as a full paper, 
numerous authors have quoted the abstract to confirm the 
importance of antiemetic strategies. 

Thus, we felt that it would be interesting to apply 
Orkin’s approach and evaluate whether the data can be 
reproduced in patients about to undergo surgery. The 
complex methodology used by Orkin‘ (six factors, up to 
four levels, resulting in a model with 16 scenarios and 
four additional scenarios for validation of computed 
utilities) was modified to allow a simple questionnaire 
with fewer scenarios. 


Methods and results 

A total of 250 consecutive patients (56% females; 
median age 48 (range 16-76) yr) undergoing ortho- 
paedic (48%), gynaecological (28%), urological (10%), 
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Preferences for postoperative recovery 


Table 1 The nine scenarios determined by an orthogonal main-effects plan 
for conjoint analysis 








Scenario Alertness Pain PONV Extra costs 
1 Exhausted No Nauseated 50 Euros 

2 Clear minded Moderate Vomiting 50 Euros 

3 Tired No Vomiting 25 Euros 

4 Clear minded No No 0 Euros 

5 Tired Moderate Nauseated 0 Euros 

6 Clear minded Mild Nauseated 25 Euros 

7 Exhausted Mild Vomiting 0 Euros 

8 Tired Mild No 50 Euros 

9 Exhausted Moderate No 25 Euros 








or minor general surgical procedures (14%) performed 
under general anaesthesia were enrolled. Patients were 
interviewed after completing a preoperative visit. 
General information about the course and side-effects 
of anaesthesia was given. Of 250 patients, 28 were not 
able to understand the purpose of the studies. In two 
patients, only incomplete data was obtained. Thus, data 
of the remaining 220 patients was analysed. The 
Statistical Package for Social Sciences (SPSS, Version 
10.1 for Windows) was used to create and analyse an 
orthogonal main-effects plan for the following four 
factors, each with three levels: (1) postoperative alert- 
ness, exhausted—tired—alert; (2) pain, moderate—mild or 
none; (3) nausea and vomiting, vomiting, nauseated or 
none; (4) additional costs, 50-25 Euros or none. 

Conjoint analysis enables the measurement of consumer 
preferences or ratings of existing or possible products in 
terms of product attributes and their levels. The purpose of 
. conducting a conjoint experiment is to ascertain the relative 
importance of product attributes, as well as the most 
preferred attribute levels. 

Nine scenarios of postoperative recovery (out of 81 
possible) (Table 1) were offered and the patients were 
asked to rate them from 1 (highly undesirable—would 
avoid this scenario if ever possible) to 9 (desirable— 
scenario of my choice for my impending operation) in a 
raising sequence. At this moment, patients knew that 
standardized anaesthesia care was offered and no extra 
money would be charged from them, regardless of their 
given answers. 

Avoiding PONV was of major concern for the patients. 
This item was followed by the desire to have no or only mild 
pain. Restoration of postoperative vigilance and additional 
cost were of minor importance. The relative contributions 
(as percentages) of the different factors were: (1) (absence 
of) PONV, 49%; (2) (absence of) postoperative pain, 27%; 
(3) (absence of) postoperative sedation, 13%; (4) no extra 
charge, 11%. 


Comment 


Our results confirm those of Orkin. Avoidance of PONV and 
reducing postoperative pain should be a major goal in 
anaesthesia. However, there were some differences between 
the two surveys. For example we interviewed consecutive 
patients attending for surgery the next day, while Orkin 
surveyed medical staff and participants of a national 
meeting, probably most of them highly educated people. 
Thus, we used a simplified model, with a limited number of 
scenarios and less items and levels, in our trial to avoid 
exclusion of too many patients. 

Macario’ used a similar technique. Patients were asked to 
spend an amount of virtual money (100 US$) was prevent 
several unpleasant side-effects of anaesthesia.” 
Interestingly, the amount of money spent to prevent 
vomiting (18 US$) and nausea (12 US$) is greater than 
that to prevent other unpleasant side-effects, for example 
postoperative pain (17 US$) or shivering (8 US$). Concerns 
about PONV (23%) and postoperative pain (14%) were 
most often raised by patients when asked about preoperative 
fears before surgery.’ . 

One limitation of the present study is that patients, due to 

instructions from our ethics committee, knew that a 
standardized anaesthesia technique was provided and that 
they were not actually charged regardless of their answers. 
However, dealing with virtual scenarios is a common 
situation when performing conjoint analysis and should not 
disprove our results. Furthermore, from other surveys using 
the willingness-to-pay method, we know that patients are 
not penny-pinching when their postoperative well-being is 
concerned. For example, patients are willing to pay 56-100 
US$ for a totally effective antiemetic. 
7 Itis concluded that, regardless of the surveying technique 
used,!* avoidance of PONV followed by the control of 
postoperative pain are the key concerns for patients 
undergoing a surgical procedure under general anaesthesia. 
Patients are willing to accept other side-effects and also 
increased private costs, when PONV can be attenuated or 
even completely prevented. 
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Background. The aim of this investigation was to determine the effects of diclofenac on 
cerebral blood flow. Middle cerebral artery blood flow velocity was measured in nine patients 


with supratentorial tumours. 


Methods. Using a transcranial Doppler ultrasound, we measured the baseline mean and 
systolic cerebral blood flow velocity. Measurements were repeated following administration of 


diclofenac 75 mg i.v. 


Results. There was no significant change in cerebral blood flow velocity. All other physio- 


logical variables remained constant. 


Conclusion. Diclofenac does not cause a significant change In cerebral blood flow velocity in 


patients with supratentorial tumours. 
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The non-steroidal anti-inflammatory drug (NSAID) diclo- 
fenac is used as a perioperative analgesic in our neurosur- 
gical unit for awake craniotomy and supratentorial tumour 
resections. Indomethacin, another NSAID, is known to 
significantly decrease cerebral blood flow (CBF) and 
intracranial pressure without changing cerebral metabolic 
rate.’ Animal studies using diclofenac show no change in 
CBF but this has not been studied in man.” Major changes in 
cerebral physiology with drugs such as indomethacin have 
significant clinical implications in neuroanaesthesia and it is 
important that the cerebral effects of all pharmacological 
agents are known. The aim of our investigation was to 
determine the effect of diclofenac on CBF velocity (CBFV) 
in patients with supratentorial pathology. 


Methods and results 


After obtaining approval from the Hospital Ethics 
Committee and written, informed consent, nine patients 
undergoing elective supratentorial neurosurgery were 
recruited. Patients were excluded if they had asthma, renal 
umpairment, peptic ulcer disease, bleeding diathesis or had 
ingested NSAIDs within 24 h. No patient had signs of raised 
intracranial pressure. 


The study was performed in the anaesthetic room before . 
induction of anaesthesia. Patients were not premedicated 
and were kept in the supine position throughout the study 
period, with the head resting on a pillow. I.V. and arterial 
cannulae were inserted under local anaesthesia. Monitors 
included ECG, continuous arterial pressure, arterial blood 
gas sampling and axillary temperature. 

CBFV was monitored continuously on the ipsilateral 
side of the intracerebral pathology. The M1 segment of 
the middle cerebral artery was insonated through the 
temporal window using a 2 MHz transcramal Doppler 
(TCD) ultrasound probe (Pioneer EME TCD VER 2.10, 
Eden Medical Electronics, Uberlingen, Germany). The 
TCD probe was fixed in position to maintain a constant 
angle of insonation throughout the study. Confirmation 
of the middle cerebral artery was achieved by increasing 
sonation depth to visualization of the bidirectional flow 
pattern typical of the bifurcation of the internal carotid 
artery to the middie cerebral and anterior cerebral 
arteries. Insonation depth was then decreased to the 
point of maximum signal intensity (45-55 mm depth). 
The TCD frequency spectra, converted into flow velocity 
(em s~"), were calculated automatically by the TCD over 
4-5 consecutive cardiac cycles. 
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Diclofenac and cerebral blood flow 


Table 1 The effect of diclofenac on physiological variables Data are mean (sD) CBFV=cerebral blood flow velocity 





0 min (baseline) 15 min after diclofenac 40 min after diclofenac P-value (40 min ys baseline) 
Mean arterial pressure (mm Hg) 100 (11) 103 (10) 104 (8) 048 
Heart rate (beats mun) 62 (14) 61 (12) 61 (13) 094 
Arterial oxygen pressure (mm Hg) 10.9 (1.2) 11.5 (1) 11 4 (0.8) 031 
Arterial carbon dioxide pressure (mm Hg) 4.8 (0.2) 4.7 (0.3) 4.7 (04) 099 
Temperature (°C) 363 (04) not measured 36.2 (0 5) 0.78 
Mean CBFV (cm s`’) 516 (117) 532 (12.6) 52.6 (117) 085 
Systolic CBFV (cm s’) 83.4 (14 7) 85.2 (16.6) 83.2 (15 8) 081 


Measurements of baseline mean and systolic CBFV were 
recorded, along with mean arterial pressure, heart rate, 
temperature, and arterial oxygen and carbon dioxide 
pressures. Diclofenac, 75 mg in 50 ml normal saline, was 
then infused over 15 min. The i.v. route was chosen to avoid 
first-pass metabolism and provide a reliable peak plasma 
concentration. All measurements were repeated at the end of 
the infusion (time 15 min) and after a further 25 min (time 
40 min), to coincide with the time of peak plasma 
concentrations. 

Anaesthesia was then commenced and surgery continued 
as normal. 

Data are expressed as mean (SD). Data from previous 
studies indicate that the mean value for CBFV is 65.55 
(4.2) cm s! under normal physiological conditions.** A 
change of >2 sD was considered significant and with a 
power of 0.8, a=0.05 and B=0.2, we calculated that eight 
subjects would be required. 

Analysis of variance (ANOVA) for repeated measure- 
ments was used to compare the values. The changes from 
baseline to time 15 min and baseline to time 40 min 
following diclofenac administration were estimated separ- 
ately. A value of P<0.05 was considered statistically 
significant. 

Nine patients were recruited. The mean age was 49.6 
(range 25-72) and the mean weight was 73.2 (13.8) kg. The 
effects of diclofenac on physiological variables are shown in 
Table 1. There was no statistical difference between 
measurements of CBFV at 15 and 40 min compared with 
baseline. No statistical differences were found between the 
physiological variables of mean arterial pressure, heart rate, 
temperature, and arterial. oxygen and carbon dioxide 
pressures. Results of the tissue analysis in the nine 
volunteers revealed five gliomas, two astrocytomas, one 
lymphoma and one inflammatory tissue. 


Comments 


We find that diclofenac provides useful perioperative 
analgesia in a select group of neurosurgical patients but 
we were unsure of its effects on cerebral physiology. 
Animal studies have shown that diclofenac has no effect on 
cerebral haemodynamics but this had not been confirmed in 
humans, or in this patient population. The results of this 
study demonstrate that diclofenac does not cause significant 





changes in CBFV. We compared mean and systolic CBFV 
before and after the administration of diclofenac in patients 
with supratentorial pathology. Other physiological param- 
eters that might have affected CBF remained constant. The 
patients were awake during the experiment and received no 
pharmacological agents other than diclofenac in normal 
saline 50 ml, thus avoiding potential alterations of CBF or 
intracerebral vessel diameter. 

Indomethacin, another NSAID, is a potent cerebral 
vasoconstrictor. It decreases CBF by up to 40% without a 
change in cerebral metabolic rate, similar to the effects of 
hypocapnia. However, this effect appears to be unique 
among the NSAIDs. Its mechanism of cerebral vasocon- 
striction is still uncertain, but seems to result from 
mechanisms other than prostaglandin inhibition.’ The role 
of NSAIDs in the management of cerebral injury has also 
been investigated. NSAIDs may improve collateral circu- 
lation in ischaemic brain and prevent cerebral vasospasm 
following subarachnoid haemorrhage.®* Indomethacin has 
been used to control intracranial pressure and improve 
operating conditions in patients with cerebral tumours. "° 

We chose to study patients with intracerebral pathology 
as this may alter CBF and its regulation, and for the practical 
reason that this reflects our clinical patient population likely 
to receive diclofenac. As our numbers are small, we may 
have overlooked a significant response to diclofenac with a 
given tumour type, although no trend was seen. 

Absolute CBF cannot be inferred from measurements of 
CBFV because the diameter of the insonated vessel segment 
is unknown. Despite this, the use of the TCD to measure 
CBFV has been shown to provide a good correlation 
between changes in flow velocity and cerebral blood flow as 
long as measurement conditions such as insonation angle 
and depth remain constant. ! 

In conclusion, we have shown that there 1s no significant 
change in CBFV after the administration of diclofenac in a 
small group of patients with supratentorial tumours. 
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Background. To provide good control of Intraocular pressure (IOP) during anaesthesia and 
surgery, we conducted a study comparing the effects on IOP during maintenance and recovery 
of sevoflurane vs propofol anaesthesia in 33 patients (ASA Ell) undergoing elective non- 
ophthalmic surgery. 


Methods. Anaesthesia was induced with propofol 2 mg kg”, fentanyl 2 ug kg”! and vecuro- 
nium 0.1 mg kg". Patients were allocated randomly to receive either propofol 4-8 mg kg! h”! 
(group P; n=16) or 1.5-2.5 vol% sevoflurane (group S; n=17) for maintenance of anaesthesia. 
Fentanyl 2—4 ug kg! was added if necessary. The lungs were ventilated with 50% air in oxygen. 
Blood pressure, heart rate, oxygen saturation and end-tidal carbon dioxide were measured 
before and throughout anaesthesia and in the recovery room. IOP was determined with appla- 
nation tonometry (Perkins) by one ophthalmologist blinded to the anaesthetic technique. 


Results. There was a significant decrease In IOP after Induction and during maintenance of 
anaesthesia in both groups. No signiflcant differences in IOP between the two groups was 
found. 


Conclusion. Sevoflurane maintains the IOP at an equally reduced level compared with propofol. 
Br | Anaesth 2002; 89: 764-6 


Keywords: anaesthetics i.v., propofol; anaesthetics volatile, sevoflurane; analgesics opioid, 
fentanyl; eye, intraocular pressure 
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Sevoflurane vs propofol and intraocular pressure 


One goal of anaesthetic management during ophthalmic 
surgery is to provide good control of intraocular pressure 
(IOP). An increase in IOP may be catastrophic in patients 
with glaucoma or a penetrating open-eye injury. The IOP is 
determined by several factors, e.g. the rate of aqueous 
humour production, vitreous volume, choroidal blood 
volume, sclera rigidity, orbicularis oculi muscle tension 
and external pressure.' The normal JOP is approximately 
15 mm Hg, with a normal range of 10-20 mm Hg. Previous 
studies have examined the effects of anaesthetics and 
related drugs on IOP, although the mechanisms underlying 
effects on IOP remain largely unclear. Potent inhalation 
anaesthetics are used widely for maintenance of general 
anaesthesia because of their ease of administration and 
practicable intraoperative and recovery characteristics.” 
Since the introduction of propofol, i.v. anaesthesia has 
also been used commonly. Sevoflurane and sevoflurane— 
remifentanil both decreased IOP from baseline values in 
rabbits, with no difference between groups.’ No reports 
have been published concerning the effects of sevoflurane 
on IOP in humans. Therefore we performed a randomized, 
prospective, single-blinded study to compare the effects of 
sevoflurane and propofol on intraocular pressure during 
maintenance and recovery of anaesthesia. 


Methods and results 


After obtaining approval from the ethics committee of the 
hospital and written, informed consent, we studied 32 
Caucasian patients aged 16-60 yr, ASA I or I, undergoing 
elective gynaecological or urological procedures. Exclusion 
criteria included a previous history of malignant hyperther- 
mia, known allergies or adverse reaction to inhalation 
anaesthetics or propofol, patients with pre-existing ophthal- 
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Fig 1 Intraocular pressure (IOP) ın patents (n=33) undergoing non- 


ophthalmic surgery anaesthesia. Data are mean and sD *P=0.05 
compared with baseline values. 


mic diseases and those who had had laparoscopic surgical 
procedures. Patients were not envisaged to receive any 
catecholamine during the study. 

Patients were allocated randomly to one of two groups: 
group P (n=16) and group S (7=17). All patients received 
orally midazolam 7.5 mg as premedication 1 h before 
surgery. Anaesthesia was induced with fentanyl 2 pg kg™! 
and propofol 2 mg kg”, and vecuronium 0.1 mg kg”! was 
used to facilitate tracheal intubation. Ventilation was 
adjusted to maintain end-tidal carbon dioxide partial 
pressure (PE’co,) at 4.3-4.6 kPa. Anaesthesia was main- 
tained in group P with a continuous infusion of propofol 
6-8 mg kg” h™ and in group S with 1.5-2.5% sevoflurane 
All patients were ventilated with a 50% mixture of air and 
oxygen. The inspired concentration of sevoflurane or 
infusion rate of propofol was titrated to maintain mean 
arterial blood pressure (MAP) and heart rate (HR) within 
20% of baseline values. Mean MAP, electrocardiography, 
HR, arterial oxygen saturation (Sao,), end-tidal carbon 
dioxide (E’co, and nasopharyngeal temperature were 
measured continuously throughout anaesthesia. IOP values 
were obtained with a hand-held Perkins applanation 
tonometer.* Patients were positioned supine for examin- 
ation. One ophthalmologist, blinded to the anaesthetic 
technique, made all IOP measurements. IOP was measured 
before induction of anaesthesia (baseline), after induction 
but immediately before intubation, 1 min after intubation, 
5 min after intubation and 2 min after skin incision, then 
every 15 min during maintenance of anaesthesia, comple- 
tion of skin closure and after tracheal extubation.The 
inspired sevoflurane concentration was reduced or discon- 
tinued to achieve an end-tidal sevoflurane concentration of 
<0.1% by the completion of skin closure. The propofol 
infusion was also discontinued before completion of skin 
closure. In the recovery room, 30 min after the end of 
anaesthesia, a final measurement of IOP and haemodynamic 
variables and Sag, was performed. 

Baseline values are presented as mean (SD) and compared 
using t-tests. ANOVA for repeated measurements was used 
to assess differences from baseline values within groups and 
differences between groups at specific time-points. P<0.05 
was considered statistically significant, using the 
Bonferroni-Holm method. Randomization of the patients 
was achieved using a computer-generated table. 

All patients were evaluated and were comparable in age, 
body weight, sex and duration of operation. After induction 
of anaesthesia there was a significant decrease in IOP 
compared with baseline values in both groups (P<0.05). 
During maintenance of anaesthesia, significant IOP reduc- 
tions over time were found in both groups (P<0.05). After 
extubation, the IOP increased in group P and S and returned 
nearly to baseline values. In the recovery room 30 min after 
the end of anaesthesia, IOP had returned to baseline values 
in group P and S. No significant differences in IOP were 
found between the groups. The baseline values of IOP were 
also similar between the groups (Fig. 1). Baseline values of 
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haemodynamic (MAP and HR) and respiratory (B’co, and 
Sao,) variables were similar between the groups. MAP did 
not decrease significantly from baseline after induction and 
maintenance of anaesthesia, but HR decreased significantly 
from baseline during anaesthesia in groups P and S (both 
P<0.01). The respiratory variables were stable thoughout in 
both groups. No significant differences in MAP or HR and 
E’co, Or Sao,were found between groups. No correlation was 
found between MAP, HR and IOP values. 


Comment 


This study has demonstrated that during maintenance of 
anaesthesia significant IOP reductions occurred over time in 
both groups. During recovery from anaesthesia IOP 
returned to baseline values in both groups. No significant 
differences in IOP were found between the sevoflurane and 
propofol groups. 

Apart from glaucoma, many factors influence intra- 
ocular pressure, such as genetics, age, refractive error 
and race.! Central venous pressure and arterial carbon 
dioxide tension may influence IOP also. Any acute rise 
in intra-abdominal or intrathoracic pressure, which are 
observed frequently during extubation, might increase 
IOP. Particular attention must be paid to induction and 
emergence of anaesthesia, as both mechanical and 
pharmacological stressors have an amplifying effect on 
IOP. Most anaesthetic and hypnotic agents, including 
potent inhalation anaesthetics, barbiturates, opioids, 
neuroleptics and benzodiazepines, decrease JOP in 
proportion to the depth of anaesthesia. Jantzen empha- 
sized the importance of anaesthetic drugs when general 
anaesthesia was planned for ophthalmic surgery.” 


Anaesthesia for eye surgery patients must prevent an 
increase in IOP. Our results suggest that sevoflurane is a 
practical maintenance agent for adults, which decreased the 
IOP during anaesthesia at a constantly low level in patients 
undergoing non-ophthalmic surgery. We have shown pre- 
viously a decrease in IOP after anaesthetic maintenance 
with propofol. The decrease in JOP after anaesthetic 
induction was sustained whether maintenance was provided 
by sevoflurane or propofol. In all groups, IOP increased 
towards baseline values after emergence from anaesthesia. 

We conclude that maintenance of anaesthesia with 
sevoflurane sustained a low IOP at a level equivalent to 
that of propofol. 
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Atracurium is associated with postoperative residual curarization 
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Background. Residual paralysis following the use of neuromuscular blocking drugs remains a 
clinical problem. As part of departmental quality assurance, we examined the degree of post- 
operative residual curarization (PORC) following atracurium. 


Methods. Forty patients undergoing general anaesthesia Involving atracurium were studied. 
Quantitative neuromuscular monitoring (mechanomyography, Myograph 2000, Biometer, 
Denmark) was performed by assessing the response to supramaximal train-of-four (TOF) 
stimulation of the ulnar nerve. Anaesthesia was provided by non-participating clinicians who 
were blinded to the study data. A TOF ratio <0.7 at extubation was classified as PORC. 
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Results. At antagonism of neuromuscular block, 70% (28/40) of patients had a TOF ratio 
0.7, and 65% (26/40) of patients had a TOF ratio <0.7 at extubation. Peripheral nerve stimu- 
lator use was associated with a longer interval from antagonism of block to extubation 
(P=0.01), but was not associated with differences In atracurium dosage or a reduction in PORC 
at extubation. Patients with TOF ratio <0.7 at extubation had surgery of shorter duration [59 
(SEM 6) vs 103 (9) min, P<0.001], greater doses of atracurium relative to the duration of surgery 
[6 (1) vs 11 (1) pg ke! min, P<0.005], and shorter intervals from administration of last dose 
of atracurium to antagonism of neuromuscular block [29 (2) vs 53 (9) min, P<0.005] and from 
antagonism to extubation [6 (1) vs 15 (4) min, P<0.01]. Duration of surgical procedure was the 
sole multivariate predictor of PORC [odds ratio 0.94 (95% confidence intervals 0.91—0.98), 
P<0.01]. 


Conclusions. PORC remains a clinical problem despite use of intermediate-duration neuro- 
muscular blocking drugs and peripheral nerve stimulators. Patients undergoing procedures of 
short duration may be at risk of inappropriately early tracheal extubation, possibly due to work 
pressures. The association between suboptimal antagonism of neuromuscular blockade and 
short procedures needs reinforcement during postgraduate training and departmental quality 


assurance. 
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Residual postoperative paralysis following use of neuro- 
muscular blocking drugs may result in morbidity and 
mortality.'* Residual paralysis resulting from absent or 
incomplete antagonism of competitive neuromuscular 
blockade is known as postoperative residual curarization 
(PORC). Recent literature suggests that PORC remains a 
problem.? 

As part of departmental quality assurance, we examined 
the incidence and degree of PORC associated with the use of 
the intermediate-duration neuromuscular blocking agent, 
atracurium at: (1) antagonism of block, (ii) extubation, and 
(iii) in the recovery area. The study also examined factors 
contributing to PORC, such as drug dosage, timing of drug 
administration, duration of surgery, experience of anaes- 
thetists and use of peripheral nerve stimulators. 


Methods and results 


Following approval by the hospital research ethics commit- 
tee, informed consent was obtained from 40 ASA I elective 
surgical patients [age 38 (19-63) yr] who were scheduled to 
undergo general anaesthesia with tracheal intubation, 
muscle relaxation and mechanical ventilation. The surgical 
procedures involved were abdominal (20), breast (6), 
varicose veins (6), and miscellaneous (8). 

Premedication, induction technique, neuromuscular 
blocking drug dosage and antagonism, maintenance agents, 
neuromuscular monitoring and timing of extubation were 
chosen by the anaesthetist controlling the case. Only 


patients who were to receive atracurium were included in 
the study. 

Train-of-four (TOF) ratio (TOFR) monitoring was con- 
tinuous and was recorded from induction of anaesthesia to 
extubation, which took place in the operating theatre The 
mechanical response of adductor pollicis was measured 
using a force displacement transducer (Myograph 2000, 
Biometer, Denmark). After induction, but before adminis- 
tration of the neuromuscular blocking drug, a stable baseline 
was established. TOF stimulation was then assessed at 10-s 
intervals by stimulation of the ulnar nerve with four 
impulses at 0.5-s intervals, duration 0.2 ms and current 
60 mA. PORC was judged to be present when the ratio of 
the twitch height of the fourth impulse to the height of the 
first (TOFR) was <0.7. Myographic data recordings were 
not available to the responsible clinical anaesthetists, but 
peripheral nerve stimulators were. After tracheal extubation, 
patients were observed continuously in the operating theatre 
and the recovery room for clinical signs and symptoms of 
PORC. 

Data are presented as frequencies or means (SEM) as 
appropriate. A Student’s t-test was used to analyse patient 
characteristics and to compare the patients with and without 
PORC. The chi-squared test was used to analyse the 
incidence of peripheral nerve stimulator use and clinical 
problems. Logistic regression was used for multivariate 
analysis. 

Twenty-six (65%) patients had a TOFR 0.7 at 
extubation (Table 1). Compared with patients with a 
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TOFR >0.7, patients with a TOFR <0.7 at extubation had 
had shorter procedures (P<0.001), and more profound 
neuromuscular block at the time of neostigmine adminis- 
tration. Patients with residual paralysis (TOFR <0.7 at 
extubation) had significantly shorter time intervals from 
administration of last dose of atracurium to administration 
of antagonist [29 (2) vs 53 (9) min, P<0.001] and from 
administration of antagonist to extubation [6 (1) vs 15 (4) 
min, P=0.01]. TOFR at the time of antagonism was 
positively correlated with time elapsed since last dose of 
atracurium (77=0.57, F=50.4, P=0.0001). 

After extubation, 19 patients had clinical evidence of 
impaired neuromuscular function as evidenced by a total of 
40 clinical events. These comprised uncoordinated move- 
ments, oxygen desaturation, upper airway obstruction, 
ptosis and diplopia/blurring of vision. Of these patients, 
18/19 had a TOFR <0.7 at extubation. The episodes of 
desaturation and obstruction were treated successfully with 
increased concentrations of inspired oxygen and airway 
manipulation. A further dose of neostigmine was adminis- 
tered to one patient in the recovery room after the 
anaesthetist observed uncoordinated movements. 

A peripheral nerve stimulator was used in 50% (20/40) of 
patients. Trainees who did not use nerve stimulators were 
more experienced than those who did [6.3 (0.8) vs 4.5 (0.4) 
yr, P=0.04]. Use of nerve stimulators was not associated 
with altered atracurium dosage, depth of blockade before 
antagonism, time interval from antagonism of neuro- 
muscular block to tracheal extubation, or incidence of 
PORC. 

The sole multivariate predictor of residual neuromuscular 
block was duration of surgical procedure, which correlated 
inversely with PORC [odds ratio 0.94 (95% confidence 
interval 0.91-0.98), P<0.01]. 


Comment 


In patients emerging from general anaesthesia, we found a 
high incidence of curarization at the time of tracheal 
extubation, with many patients having significant residual 
neuromuscular block on clinical testing in the recovery 
room. This occurred despite the use of an intermediate- 
duration neuromuscular blocking drug, frequent (though not 
universal) use of peripheral nerve stimulator monitoring, 
and routine use of pharmacological antagonism. The 
incidence of PORC at the time of extubation observed in 
this study is higher than that reported in other studies.*~> In 
our study, we assessed the TOFR at the time of extubation 
whilst in the majority of other studies, neuromuscular 
assessment was done in the postoperative care unit,*~> at 
time intervals exceeding the recovery index of atracurium,® 
thus allowing greater recovery of neuromuscular function. 

PORC remains a problem even in carefully conducted 
clinical trials when the short-acting agent mivacurium is 
used and routinely antagonized.’ In many patients in our 
study, the degree of neuromuscular block was profound at 


Table 1 Patient characterstics, neuromuscular block, antagonism, and 
clinical signs of postoperative residual curanzation, characterized by train-of- 
four ratio (TOFR) at extubation Values are absolute (n) or mean (SEM) 
*€*#*P) 0001, ***P<0 001; **P<0 005, *P<0 05 








TOFR at extubation 





>0.7 «0.7 
Number (n) 14 26 
Weight (kg) 75 (3) 70 (2) 
Male/female (r) 8/6 14/12 
Duration of suzgery (min) 103 (9) 59 (6)"** 
Anaesthetists’ experience (yr) 58 (08) 48 (05) 
Total atracunum dosage (ug kgm’) 6 (1) 11 (ye 
Neostigmine (ug kg™) 43(5) 40 (3) 


Nerve stimulator use (n) 6 14 


Time from las: dose of atracurrum to 53 (9) 29 (2)*** 
antagonism of block (min) 

Tume from last dose of atracunum to 68 (9) 35 (2)**** 
extubation (min) 

Time from antagonism of block to 15 (4) 6 (i)** 
extubation (mun) 

TOFR at reversal 0 40 (0 10) 001 (001)*""" 

TOFR at extubation 0 93 (0 02) 0 24 (0 04)**™" 

Ptosis (n) 0 l 

Diplopia/blurred vision (1) 1 8 

Failed sustained head lift (n) 0 8 

Uncoordineted movements (71) 0 7 

Oxygen desaturation (7) 0 2 

Upper airway obstruction (7) 0 2 


the time of antagonism, with many patients having a TOFR 
of zero, demonstrating low levels of spontaneous recovery 
from neuromuscular block. 

The attempted antagonism of deep levels of neuro- 
muscular blockade may reflect the pressure on anaesthesia 
providers to turn over cases rapidly, and increased reliance 
on the skills and services of recovery personnel in order to 
meet these time demands.® In support of this hypothesis, 
PORC was associated with shorter procedures and shorter 
intervals from administration of an antagonist to extubation. 
TOFR at antagonism was directly related to time elapsed 
since the last dose of atracurium. 

We speculate that a level of complacency exists with 
regard to usage of intermediate-duration neuromuscular 
blocking agents. Contemporary audit data from France,” 
Belgium,‘ and Northern Ireland’ report incidences of PORC 
in the recovery room of 30-64%, although many instances 
occurred in patients who did not receive an anticholin- 
esterase. The data from our series suggest that there is an 
assumption that routine use of an anticholinesterase 
guarantees adequate antagonism of neuromuscular block, 
and may explain the relatively low use of peripheral nerve 
stimulators. Complacency may also exist because, although 
strong outcome data have established that PORC after the 
use of pancuronium is associated with postoperative 
pulmonary complications,’ substantial evidence has yet to 
be accrued for atracurium or vecuronium. Despite the 
availability of peripheral nerve stimulators, they are 
frequently not employed and even in experienced hands 
may not detect PORC. 
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Our study has obvious limitations. While atracurium was 
used in all patients, its mode of use and the conduct of the 
anaesthesia, including temperature measurement and regu- 
lation, was entirely at the discretion of the responsible 
anaesthetist. Since our study was carried out it has been 
demonstrated that pharyngeal constrictor function is not 
normalized until recovery of an adductor pollicis TOF>0.9. 
Thus the previously accepted parameter of 0.7 may be 
inappropriate. 

In conclusion, we have found that PORC is still a clinical 
problem despite the use of intermediate-duration neuro- 
muscular blocking drugs and their routine antagonism. The 
association between suboptimal antagonism and both rela- 
tively short procedures and a short interval between 
antagonism of neuromuscular block and extubation needs 
to be reinforced during postgraduate training and depart- 
mental quality assurance. 
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Background. Head-down tilt is often used to assist cannulation of the internal jugular vein 
(IJV). However, the optimal duration of tilt before cannulation is not well defined. 


Methods. Fifteen healthy volunteers were studied by B-mode duplex sonography to assess 
changes in cross-sectional area (CSA) of the right IJV during 10° head-down tilt. 


Results. Median CSA in the supine position was 102 mm? [range 16-266, mean (sD) 113 (69)]. 
CSA increased to 139 mm? [23-388, 158 (93)] immediately after tilting (P<0.0001, repeated 
measures ANOVA). No significant further change was noted in the next 20 min. CSA returned 


to baseline level after return to the supine position. 


Conclusion. The 10° head-down tilt manoeuvre in healthy volunteers causes an immediate, 
significant increase in CSA in the right IJV. A longer tilt did not cause further increase in jugular 


CSA. 
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Internal jugular vein (IJV) cannulation for inserting a central 
venous catheter is used frequently in patients during major 
surgery and intensive care. Better conditions for venous 
cannulation and the reduction of complications are continu- 
ing concerns. Methods such as head-down tilt of varying 
extent,’ * the Valsalva manoeuvre,” * hepatic compression? ° 
and positive intrathoracic pressure in ventilated patients? ‘ 
have been proposed to increase jugular filling. The most 
commonly recommended approach is ultrasound guidance 
during head-down tilt with the head rotated <40°.’ * We 
studied changes in right jugular cross-sectional area (CSA) 
with time during prolonged tilt, to determine the best time 
for cannulation. Values are given as mean (SD). 


Methods and results 

Nineteen healthy volunteers (eight women and 11 men: age 
range 23-68 yr) were studied. The CSA of the right IJV was 
assessed by B-mode duplex sonography using a 7.5-9 MHz 
longitudinal transducer (Powervision 6000, SSA-370A, 
Toshiba, Tokyo, Japan). The probe was placed in a horizontal 
plane, 1.5 cm caudal to the cricoid cartilage, corresponding to 
the most frequently used point of needle insertion into the 
IJV. The examination started in the supine position with the 
head slightly extended and rotated about 20-30° to the 
contralateral side. After 3 min of baseline recording, the 
subject was placed 10° head-down for 20 min, after which 
there was another 3 min assessment in the supine position. 
Short video sequences were stored on SVGA videotape every 
minute and off-line measurements of the pulse-triggered 
minimal right jugular CSA were made using the manual area 
trace function of the duplex machine (Fig. 1). 

For statistical analysis, non-parametric repeated measures 
ANOVA (Friedman’s test) and Dunn’s multiple comparison 
post test were performed. P<0.05 was considered signifi- 
cant. 

The median jugular CSA in the supine position before 
head-down tilt was 102 mm? [range 16-266, mean 113 
(69)]. One minute after tilting the median area had increased 
to 139 mm? [range 23-388, mean 158 (93)] and did not 
change significantly in the next 20 min. On return to the 
supine position, CSA values immediately returned to 
baseline levels (Fig. 2). 


Comment 


Head-down tilt is often used to improve cannulation of the 
IJV. Jugular diameter or CSA in adults increases on 


ultrasound, with varying degrees of tilt. Armstrong and 
lateral IJV diameter with 
tilt, the greatest change 


colleagues demonstrated a rising 
10, 20 and 30° of head-down 
(+14%) occurring between the supine and the 10° tilt 
position.” In 15 patients during anaesthesia, mean right 
jugular CSA of 160 (86) mm? when supine increased to 213 
(112) mm? with 10° tilt (relative increase +25%).° CSA 
increased by 37% (from 118 to 162 mm? during head-down 
tilt) in ICU patients.* Our finding of an approximately 36% 
increase therefore supports the data previously published. 
A recent study, providing information about the duration 
of tilt, reported a baseline CSA of 95 (26) mm? and follow- 
up values of 118 (39) and 116 (43) mm? after 1 and 10 min 
of tilt respectively. We found that the venous CSA changes 








Fig. 1 Cross-sectional B-mode ultrasound scan. (A) Right IJV, CSA of a 
subject in the supine position; area 43.9 mm*. (B) CSA in the same 
subject during 10 CCA = common 
carotid artery 
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Fig 2 Box plot analysis of results including mean (dot), median (horizontal bar within box), 25th and 75th percentiles (box) and minimal/ 
maximal values (whisker). Time course of jugular CSA changes at baseline (supine position, sl-s3), during 20 min of 10° head-down tilt 
(tilt position, t4t23) and upon return to baseline position (s24-s26). Statistical comparison between groups (Dunn's test): s3 yy (4-123 


**P<0.01, ***P<0.001. 


occurred within | min after head-down positioning. During 
the following 19 min, however, no further change in mean 
jugular CSA was found. 

To assess if the individual change differed from the 
median results, each case was analysed for the time at which 
the maximal CSA was detected. Interestingly, we found a 
nearly even time distribution, with a median duration of 
8 min (range 1-20). However, the absolute differences 
between the 1 min and maximal CSAs compared with the 
differences during the 3 min supine measurements (i.e. the 
systematic error of the applied ultrasound method) gave 
median values of 10 mm? [range 0-37, mean 12 (10)] and 
8 mm? [range 0-16, mean 8 (5)] respectively. The 
remaining real increase in mean area of 2 mm? during 
20 min of head-down tilt compared with a 37 mm? increase 
after 1 min of tilt is small and clinically irrelevant. 

Prolongation of a position that can be uncomfortable for 
conscious patients is unnecessary. 
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Posture used by anaesthetists during laryngoscopy’ 
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Department of Anaesthesia, Ysbyty Gwynedd, Bangor LL57 2PW, UK 


Background. There is little advice on the posture to be used when intubating the trachea. 


Does the stance used depend on experience? 


Methods. Twenty-six subjects with varying experience of intubation were photographed dur- 
ing laryngoscopy of an intubation training mannequin. Posture was measured from the photo- 
graphs and the data were analysed with the Mann-Whitney U-test. 


Results. The less experienced group had shallower lines of sight, levered more, and stood 
with their face closer to the mannequin (P=0.037, 0.018 and 0.06 respectively). 


Conclusions. Novice anaesthetists should be given explicit instructions on correct trolley 
height and should be taught to intubate with a straight back. 
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When acquiring a new skill, the correct posture is often 
taught first. Piano teachers are very strict on how we should 
sit and skiing instructors are equally firm on how we should 
stand. However, there is little guidance on the posture 
needed for laryngoscopy and intubation. This study deter- 
mined whether there are differences in the way more 
experienced anaesthetists stand when intubating patients, 
and if this information could lead to advice for those 
learning to intubate. 


Method and results 

Twenty-six subjects with varying experience of laryngo- 
scopy were photographed during laryngoscopy of a com- 
monly used intubation mannequin, the Laerdal Airway 
Management Trainer (Laerdal Medical Corp., Wappingers 
Falls, NY, USA). The mannequin was placed on a trolley at 
a fixed height with a single pillow under the head. 
Participants were asked to visualize the larynx in the normal 
way. with a size 3 Macintosh laryngoscope. Once they had 
done so, they were told to hold a stylette along their line of 
sight. A photograph was taken using a tripod-mounted 
35 mm camera placed 2 m directly to the right of the 
mannequin. The camera, trolley and mannequin were kept 
in the same position throughout the study. Calibration 
photographs were taken at regular intervals by photograph- 
ing a ruler held in the mannequin’s sagittal plane, to ensure 


that no movement had occurred. This also provided a 
method for converting measurements taken from the 
photographs into actual distances. 

The following measurements were taken from the 
photographs (Fig. 1): (A) the angle between the line of 
sight and the horizontal; (B) the angle between the line of 
sight and the handle of the laryngoscope (upper edge); (C) 
the angle between the handle of the laryngoscope and the 
horizontal; and (D) the distance between the eye and the 
heel of the laryngoscope. In all cases the base of the training 
mannequin was taken as horizontal. 

The subjects were divided into two groups according to 
seniority and the data were analysed with the 
Mann-Whitney U-test. P < 0.05 was considered significant. 
Basic statistical calculations were done with Microsoft 
Excel 2000, while Mann-Whitney U-tests were done 
manually. 

Twenty-six subjects took part in the study. One subject 
was removed from the study on the grounds that he was a 
significant outlier: he was more than two standard devi- 
ations below the mean eye-to-laryngoscope distance and 
more than three standard deviations below the mean of the 
experienced group, to which he was allocated. The remain- 


"This work has been presented to the Liverpool Society of 
Anaesthetists at the Registrars’ Prize Competition 2002. It was 
awarded first prize. 
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Posture during laryngoscopy 








Fig 1 Angles and distances measured from photographs. A is the angle 
between the line of sight and the horizontal, B is the angle between the 
line of sight and the handle of the laryngoscope, C is the angle between 
the handle of the laryngoscope and the horizontal, and D is the distance 
between the heel of the laryngoscope and the eye. 


der were allocated to a more experienced or less experi- 
enced group (Table 1), All participants were able to see the 
glottis. The less experienced group had significantly shal- 
lower lines of sight (A) [experienced group, mean (SD) 41.2 
(4.8)°; less experienced group, 37.9 (4.2)°; P<0.05; overall 
range 31-51°]. The more experienced group levered less, 
with significantly lower laryngoscope handle angles (C) 
[experienced group, mean 36.6 (5.5)°; less experienced 
group, 44.1 (7.0)°; P<0.05; overall range 29-57°]. Eye-to- 
laryngoscope distances (D) were greater in the more 
experienced group, but the difference did not reach signifi- 
cance [experienced group, 35.6 (9.8) cm; less experienced 
group, 27.4 (8.7) cm; P>0.05; overall range 19-57 cm]. The 
angle of the line of sight to the laryngoscope handle was 
similar in the two groups, and showed a smaller overall 
range than other measurements [100.4 (3.7)°, range 
92-107°]. There was no correlation between line of sight 
and eye-to-laryngoscope distance. 


Comment 


These results may not surprise many anaesthetists. Similar 
work by Matthews and Johnson’ showed that experienced 
anaesthetists adopted a more erect posture, with the forearm 
closer to the horizontal and the anaesthetist’s face further 
from the patient. 

One of the most interesting aspects of this study is the 
limited range of the angle between the laryngoscope handle 
and the line of sight, which is readily explained by the 
design of the laryngoscope. Juniors are told not to lever and 
are warned of broken teeth. These data demonstrate that by 


Table 1 Details of the participants and group allocation 


Number of 
subjects 


Group 





More experienced group 
Consultants 
Post-fellowship registrars 3 
Staff grade 3 
Total 7 
Less experienced group 
Specialist registrars | 
Senior house officers 3 
Nurses 4 
Total 8 





levering they also lower their line of sight, hence making it 
more difficult to see. 

A lower line of sight caused by levering in turn requires a 
reduction in height on the part of the anaesthetist. The less 
experienced group compensated with the upper body. by 
stooping and bringing their face closer to the patient. This 
may reduce binocular vision, as noted by Matthews and 
Johnson.' The more experienced group compensated for 
height with the lower body, by bending their knees or using 
a similar manoeuvre. One experienced subject compensated 
by bending his torso laterally, something the author had not 
seen before. 

The poor correlation between low line of sight and low 
eye-to-laryngoscope distance was disappointing, because 
the lower sight-line should lead to stooping. However, a 
major confounding factor was the fixed height of the trolley, 
which was necessary because of the fixed position of the 
camera. 

Correct trolley height is another factor on which very 
little is known. Otto? suggests having the patient's head 
between the anaesthetist’s xiphisternum and umbilicus. The 
author suggests having the trolley surface at the same level 
as the anaesthetist’s anterior superior iliac spines, which 
results in a similar position. 

This study has other defects, apart from the fixed trolley 
height. The Laerdal Airway Management Trainer is a 
popular training mannequin, but is not the same as a real 
subject. It is much less compliant and is more difficult to 
intubate. Its stiffness means that it is very difficult to 
intubate on two pillows, as most anaesthetists normally 
would. However, it gave a ‘standard’ intubation model, 
which was identical for all subjects. 

Presbyopia was not considered in the study design. 
However, most of the participants were quite young, so 
eyesight should not confound the data too much. The 
decision to remove one of the participants is controversial, 
but justified on the grounds that a study as small as this 
would be extremely sensitive to outliers. The criticism that a 
forced dichotomy has been created between ‘more’ and 
‘less’ experienced groups is possibly valid; a better design 
would have been to study consultants against junior SHOs 
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Walker 


(senior house officers). However, the limited numbers of References 
participants prevented this. 


f , A hs I Matthews Aj, Johnson CJH, Goodman NW. Body posture 
In spite of the shortfalls, some conclusions are justified. 


during simulated tracheal intubation. Anaesthesia 1998; 53: 


All anaesthetists should place the trolley at the correct 331-4 
height. Juniors should intubate with their back straight and 2 Otto CW. Tracheal intubation. In: Nunn JF, Utting JE, Brown 
should be taught to manipulate the line of sight by levering BR, eds. General Anaesthesia. London: Butterworths, 1989; 
less instead of ‘chasing’ the sight-line by stooping. In 512-39 


situations where the trolley height is fixed, compensation for 
height should occur with the lower body. 
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Air embolism: diagnosis with single-photon emission tomography 
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Venous air embolism may occur when the surgical field is above the level of the heart. We pre- 
sent a case of venous air embolism in a patient undergoing percutaneous nephrolithotripsy in 
the prone position and presenting with blindness and neurological deficits 8 h later. The clinical 
diagnosis of paradoxical air embolism was confirmed by early single-photon emission tomogra- 
phy (SPET), whereas magnetic resonance imaging including diffusion-weighted imaging (DW- 
MRI) was diagnostic only 30 h later. Hyperbaric oxygen therapy was successful. In this case, 
early DW-MRI scan was inconclusive, but a SPET study of the brain appeared to be useful in 
confirming the clinical diagnosis. Early hyperbaric oxygen was demonstrated to be a successful 


therapy. 
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During surgical procedures in which the surgical field is 
positioned above the level of the heart. venous air embolism 
may occur, When the air passes through to the arterial 
system, causing paradoxical air embolism, the conse- 
quences can be devastating. We present a case of venous 
air embolism occurring in percutaneous nephrolithotripsy in 
the prone position, with features of paradoxical air 
embolism appearing 8 h later. 


Case report 


A previously healthy 36-yr-old male, height 175 cm, weight 
84 kg, was scheduled for nephrolithotripsy for an upper pole 
staghorn calculus. Anaesthesia was induced with alfentanil 
7 ug kg™' and propofol 2 mg kg”! i.v., and neuromuscular 
block was achieved with vecuronium bromide 0.1 mg kg’. 
After tracheal intubation with a cuffed tube, artificial 
ventilation was started and anaesthesia maintained with 
60% nitrous oxide in oxygen and sevoflurane at an end- 
expiratory concentration of 1.5 vol%. Continuous intra- 
operative monitoring included an electrocardiogram (ECG), 
pulse oximetry (Spo,), end-tidal carbon dioxide concentra- 
tion (PE’co,). end-tidal volatile anaesthetic agent concen- 
tration, and ventilation volumes and pressures, while non- 
invasive blood pressure was measured at 3-min intervals. 


Cystoscopy was performed and a catheter was inserted into 
the right ureter. The patient was then placed in the prone 
position with his head and legs down. A nephroscope 
connected to an ultrasound generator (Calculson-Storz, 
Tuttlingen, Germany) at 26 000 Hz was inserted into the 
renal pelvis, which was perfused constantly with saline 
solution flowing from an irrigating bag placed 40 cm above 
the surgical field and drained by an aspirating pump. About 
10 min after the beginning of ultrasound lithotripsy. the 
PE’co,decreased abruptly from 4 to 2.9 then to 1.8 kPa. The 
Spo, decreased from 100 to 86% and the systolic arterial 
pressure from 120 to 96 mm Hg. The heart rate decreas 
from 75 to 60 beats min’. As the airway pressures and th 
volume were unchanged, airway obstruction was excluded 
and, with the strong suspicion of air embolism, the nitrous 
oxide was discontinued and manual ventilation of the Jungs 
was performed with oxygen 100%. Within 2-3 min, the 
patient was placed supine. The PE’co, increased to 4 kPa and 
the Spo, increased to 100%. A catheter was inserted into the 
left radial artery and arterial blood gas analysis showed a 
Paco, of 5.4 kPa, while the PE’co, was still 3.8 kPa. The 
surgery was stopped and the patient was awakened and his 
trachea extubated. He was conscious, haemodynamically 
stable and his Spo, was 100% while breathing air. 
Neurological examination, biochemical and haematological 
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profiles, coagulation indices (indexed normalized ratio 1.12, 
thromboplastin time 30.12 s, D dimers 269 ng ml ' and 
fibrinogen 412 mg ml ') and blood gas analysis were 
normal, 

Seven hours after the presumed venous air embolism, the 
patient complained of nausea and retching. Metoclopramide 
10 mg was administered i.m., with benefit. At that time, 
arterial blood gas analysis revealed mild hypoxaemia (Pag 


9 kPa). Two hours later the patient suddenly complained of 


complete blindness, while his tendon reflexes were in- 
creased on the left side and a tremor was evident in the left 
Ophthalmological examination bilateral 
amaurosis without funduscopic abnormalities: the retinal 


arm. revealed 


Table 1 Scheme of the early hyperbaric treatment 








Gas mixture Maximum pressure Time 
in atmospheres (h:min) 
(ATA) 

Oxygen in helium 50% 4 8:00 

Oxygen 100% 2.8 0:25 

Air 2.2 0:5 

Air 1.8 0:5 





vessels and the optic disc were normal. The patient 
underwent magnetic resonance imaging (MRI) including 
diffusion-weighted imaging (DW-MRI), which showed only 
a mild hyperintense area in the left cerebellar hemisphere 
with cortical-subcortical extension. Nevertheless. despite 
the negative MRI data, on the basis of a strong clinical 
suspicion of paradoxical air embolism the patient was 
transferred as rapidly as possible to a hyperbaric centre. It 
took 5 h from the onset of blindness to instigate hyperbaric 
therapy. During the first hyperbaric session (Table 1) the 
patient's sight started to recover (he could see shadows). 
Thirty hours later, a new MRI showed two hyperintense 
areas in the left cerebellar hemisphere with cortical— 
subcortical extension and bilateral hyperintensity in the 
cortical occipital gyrus, more evident on the right side than 
the left. A single-photon emission tomography (SPET) 
study of the brain was performed (Fig. 1), and this 
demonstrated a reduced uptake of isotopic tracer (99mTc- 
HMPAO, 740 MBq) in the right cerebellar hemisphere 
(Fig. 1A) and bilateral cerebral occipital (Fig. 1B) and left 
frontal (Fig. 1c) defects. Immediately after the SPET study, 
contrast transthoracic echocardiography was performed. No 
evidence of air in the right side of the heart or of interatrial 





Fig 1 Three representative transverse slices of the SPET study of the brain with 99mTc-HMPAO, performed 31 h after paradoxical air embolism. (A) 


The arrow indicates a right cerebellar hemisphere uptake defect with interhemispheric asymmetry. (B) The arrow indicates bilateral occipital defects 


(C) The arrow indicates a left frontal defect 








Fig 2 SPET study of the brain performed 13 days after injury. Mild interhemispheric cerebellar asymmetry (A) and completely normal tracer uptake in 


the occipital (B) and frontal (C) cerebral regions 


oe he 


SPET and hyperbaric oxygen ın ar embolism 


or interventricular shunt was found, even after a Valsalva 
manoeuvre. Hyperbaric therapy was scheduled daily for 9 
days (1.8 bar for 80 min), even though the patient recovered 
completely about 48 h after the paradoxical air embolism. 
Thirteen days after surgery, a further SPET study provided 
evidence of complete recovery of the occipital (Fig. 2B) and 
frontal (Fig. 2c) defects, only a mild interhemispheric 
cerebellar asymmetry persisting (Fig. 2A). 


Discussion 

The phenomenon of pyelovenous backflow was first 
described in 1856 by Gigon, who noted the passage of 
fluids from the calyces into the renal veins.’ Later, 
pyelovenous”? and tubulovenous* backflow was described. 
Air embolism as a complication of retrograde pyelography” 
and air entering the hepatic veins after nephrolithotripsy 
have been reported. Saline solution flowing from a bag 


placed 40 cm above the surgical field applies a pressure of. 


about 4 kPa to the pelvocaliceal space. This pressure is 
reduced by an unknown amount by the aspirating pump. 
Because of the high rate of saline flow, accidental injection 
of small amounts of air, in the form of microbubbles, cannot 
be excluded. In addition, the high power of therapeutic 
shock waves could induce cavitation,’ an ultrasound-related 
mechanical effect. The prone position® of the patient in this 
case produced a significant gravitational gradient between 
the right side of the heart and the renal pelvis, and air could 
thus have been drawn into open veins by negative pressure. 
This case demonstrates the problems associated with the 
combination of a gravitational gradient,” decreased caval 
pressure due to the position of the lower limbs, a likely high 
pressure of irrigating fluid, possibly containing air 
bubbles,!° !! and ultrasound shock waves.” 

Air bubbles, the surfaces of which are covered by a 
network of fibrin, platelets and fat globules, induce 
neutrophil-mediated microvascular damage, activate the 
intrinsic coagulation cascade and obstruct lung capillaries. 
This will cause an increased physiological dead space,’? 14 
disordered ventilation-perfusion matching’ and reduced 
cardiac output as a result of right ventricular outflow 
obstruction, leading to decreased PE’co,, Spo, and systolic 
arterial pressure, together with an increased end-tidal arterial 
carbon dioxide gradient. In our. case, we assumed venous air 
embolism rather than pulmonary thromboembolism, because 
coagulation was normal and there was a rapid improvement 
after ventilation with oxygen 100%. The oxygen concentra- 
tion gradient could have facilitated the release from the air 
embolus of both nitrogen and nitrous oxide. . 

Fight hours after the venous air embolism, the patient 
displayed the features of the air having moved to the arterial 
side of the circulation, a phenomenon described most 
frequently in acute decompression illness after diving. 


We used Pk’co, to detect air embolism.’® Doppler 


transthoracic ultrasound is more sensitive, but only early 
transoesophageal echocardiography might have demon- 


strated the presence of air which could progress through 
either a patent foramen ovale or through pulmonary shunts!° 
to cause paradoxical air embolism. In our case, transoeso- 
phageal echocardiography did not demonstrate right-to-left 
interatrial shunting. However, the delay between venous and 
arterial embolic episodes suggests transpulmonary passage, 
which has been described in dogs!” and humans’? and has 
also been demonstrated by transoesophageal echocardio- 
graphy.'? 2° Pathways involved in transatrial or transpul- 
monary air transport become functionally open only during 
episodes of venous air embolism in which significant 
elevation of pulmonary artery pressure occurs.!? In our 
case, such an increase in pulmonary artery pressure could 
have been induced during the retching episodes. While the 
patient was in the head-up position, air crossing to the 
systemic arterial circulation could have migrated up to the 
carotid and cerebellar arteries and then to the cerebral and 
cerebellar hemispheres. '® 

Although DW-MRI is widely recognized to be the earliest 
imaging technique that detects brain ischaemia, in our case 
the early MRI scan (performed immediately after the onset of 
symptoms) did not show abnormalities consistent with 
ischaemic tissue, as described in a similar case report.”! 
These findings could be related to the small dimensions of the 
injured areas”! at the time of the first MRI scan. The later DW- 
MRI scan demonstrated abnormalities consistent with 
ischaemic brain damage in the occipital and cerebellar 
cortex. The SPET study of the brain confirmed these findings 
with enhanced sensitivity in indicating the extent and 
localization of the brain damage, even though the total 
number of counts recorded was only 9 000 000, with a reduced 
acquisition time (Fig. 1). The second SPET study (Fig. 2), 
which recorded a total of 13 000 000 counts with a standard 
acquisition time, provided definitive evidence of recovery. 

In neurosurgical procedures in which the patient 1s in the 
sitting position, invasive monitoring to detect venous air 
embolism and the insertion of a catheter in the right atrium 
to aspirate air are used routinely. In other surgical proced- 
ures,'° such as nephrolithotripsy, these precautionary 
measures may not be so easily justified. However, our 
case suggests that transoesophageal echocardiography can 
demonstrate the presence of air in the right heart or 
pulmonary veins, and this should be removed from the 
venous circulation through a right atrial catheter. In the case 
of persistent air trapping, prophylactic hyperbaric oxygen 
therapy should be performed. Until prospective studies 
provide an estimate of the true incidence of venous air 
embolism and paradoxical air embolism, it is difficult to 
decide whether transoesophageal echocardiography and 
central venous catheterization should be used routinely 
during percutaneous lithotripsy. 
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We present three cases of epidural abscess, all in patients in whom an epidural catheter had 
been inserted for postoperative pain management. In all three cases the infecting organism was 
Staphylococcus aureus and two patients had diabetes. The diagnosis was made within 3 days of 
epidural catheter removal in two cases, but in one the abscess did not present until after the 
patient had been discharged from hospital. We have retrospectively calculated the incidence of 
epidural abscess in our hospital over the 5-yr period 1993-98 to be | in 800 (0.12%). We 
emphasize the importance of using techniques that minimize the risk of bacterial contamination 
during both catheter placement and the management of infusion, and seek to raise awareness 


of this relatively rare but significant condition. 


Br | Anaesth 2002; 89: 778-82 


Keywords: anaesthesia; epidural; complications, epidural abscess 


Accepted for publication: May 30, 2002 


© The Board of Management and Trustees of the British Journal of Anaesthesia 2002 


Epidural abscess complicating epidural catheter insertion 


Epidural abscess is a rare but serious complication of 
epidural catheter insertion.’ The incidence of this condition 
is unclear. The first case of catheter-related epidural abscess 
was described in 1974 and a further 41 cases were reported 
up to 1996.” We report three case reports from our hospital 
and discuss the aetiological factors, clinical presentation, 
management and consequences of this condition. 


Case reports 
Patient 1 


A 75-yr-old woman with carcinoma of the caecum was 
admitted for a right hemicolectomy. Her medical history 
was unremarkable. Before induction of anaesthesia a 
thoracic epidural catheter was sited aseptically. The 
anaesthetist wore a cap, sterile gloves and a gown; the 
skin was prepared with 10% iodine and the catheter was 
dressed with a sterile occlusive dressing. Subcutaneous 
heparin and i.v. gentamicin and metronidazole were 
administered in the anaesthetic room. A continuous epidural 
infusion of bupivacaine and diamorphine was administered 
for postoperative analgesia. After 3 days the epidural 
catheter was removed intact. 

Over the next day the patient developed a low-grade 
pyrexia with no obvious cause. This persisted until the fifth 
day after surgery, when she also spiked a temperature. At 
this stage she complained of low backache and a headache. 
There was local tenderness over the epidural site but no 
neurological deficit or meningism. C-reactive protein (CRP) 
concentration was 126 mg litre’ and the white cell count 
(WCC) was 9.6X10° litre? with a neutrophil count of 
8.2X10° litre’. A possible diagnosis of epidural abscess 
was considered. Swabs were taken from the epidural site 
and i.v. flucloxacillin and cefuroxime were started. The 
patient’s condition improved over the next few days. 
Staphylococcus aureus sensitive to flucloxacillin was 
cultured from the epidural site specimen. Sixteen days 
after the operation the patient was apyrexial but complained 
of persistent lower back pain. Magnetic resonance imaging 
(MRI) showed a focus of enhancement in the posterior 
epidural space. This pattern is usually associated with 
granulation tissue and inflamed fat rather than pus. 
However, the patient had been on i.v. antibiotics for several 
days. She was referred to the neurosurgeons, who treated the 
condition conservatively with i.v. flucloxacillin and fucidin, 
since there were no signs of cord compression. Forty-four 
days after surgery she was discharged home on a further 2- 
week course of oral antibiotics. A follow-up MRI scan 
‘ showed resolution of the initial findings. 


Patient 2 

A 55-yr-old man was admitted for an above-knee amputa- 
tion. He had a medical history of peripheral vascular disease, 
hypertension, ischaemic heart disease, insulin-dependent 
diabetes mellitus and a resolved cerebrovascular accident. 


Anaesthesia was provided by a combined lumbar spinal 
and epidural technique. This was performed using the 
aseptic technique described above. A continuous infusion of 
bupivacaine and diamorphine provided postoperative anal- 
gesia for 3 days, after which the epidural catheter was 
removed intact. 

Three days after removal of the catheter, the patient 
reported discomfort at the epidural insertion site and a 
severe radicular pain in the distribution of the L2 
dermatome. He had a mild pyrexia of 37.2°C and an 
erythematous tender swelling at the epidural insertion site. 
Neurological examination revealed loss of sensation to pin 
prick and light touch in the remaining leg, together with 
decreased power and an absent right ankle reflex. Blood 
tests showed a CRP of 118 mg litre’ and a WCC of 
13.9X 10° litre”. An MRI scan showed a right posterolateral 
epidural abscess at L1/2 causing slight thecal displacement. 
The patient was urgently referred for neurosurgical review 
and underwent laminectomy and drainage of an epidural 
abscess. Swabs taken at the time of operation cultured S. 
aureus sensitive to flucloxacillin, which had been started at 
the time of operation. He was discharged from hospital 3 
months after his first operation. 


Patient 3 


A 63-yr-old man presented for emergency surgery with a 
leaking abdominal aortic aneurysm (AAA). He had a history 
of diet-controlled diabetes and a recent chest infection. He 
underwent an emergency AAA repair. After induction of 
anaesthesia he was given augmentin 1.2 g i.v. He received 
three further doses over the next 24 h as prophylaxis against 
graft infection. He was initially transferred to the intensive 
care unit (ITU) where, on the first day after surgery, when his 
coagulation profile was within normal limits, a thoracic 
epidural catheter was inserted under aseptic conditions and a 
continuous infusion of bupivacaine and diamorphine was 
started. 

The patient was transferred to the high-dependency unit 
on the second day after surgery. On the fourth day the 
epidural catheter was removed intact and the patient was 
discharged home 1 week after admission, having made a 
straightforward recovery. 

Three weeks later the patient was re-admitted with a 5-6 
day history of infection over the epidural site, which had 
been treated by his general practitioner with oral fluclox- 
acillin. He had developed pain over the epidural site 4 days 
before re-admission, and on the day of re-admission he had 
developed sudden and progressive weakness in his legs and 
urinary retention. At this time he had no evidence of 
superficial infection at the epidural insertion site. He was 
apyrexial and had a white cell count of 8.2X10° litre. An 
urgent epidural myelogram showed an epidural collection 
causing extradural cord compression at T8. A sample of 
cerebrospinal fluid sent for culture at that time yielded no 
bacterial growth. Peripheral blood cultures were also 
negative. The patient was transferred to a neurosurgical 
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unit where a T6-8 laminectomy was performed. Culture of 
abscess material grew methicillin-resistant $. aureus 
(MRSA) and the patient was treated with teicoplanin. The 
power in his legs returned such that he was able to walk 
around the ward. Seven days after surgery he suffered a 
cardiac arrest from which he could not be resuscitated. 
Postmortem examination established the cause of death to be 
a pulmonary embolus secondary to a deep vein thrombosis. 

Nose, throat and skin swabs taken by the anaesthetist who 
inserted the epidural catheter did not grow MRSA. 
However, the strain of MRSA cultured from samples 
taken from the epidural abscess during laminectomy was 
also isolated from swabs taken from another patient who 
had been on the same ward as our patient after discharge 
from the ITU. This MRSA strain was not cultured from any 
of the routine swabs taken from patients on the ITU during 
the patient’s stay. We therefore presume that the infection 
could have been acquired at some point following transfer to 
the general ward. 


Discussion 


Epidural abscess is a rare condition, with a reported 
incidence of 1-2/10 000 of all patients admitted to 
hospital.2* The incidence in association with epidural 
catheter placement per se is unclear. The published data 
quote frequencies ranging from 1 in 506 000 cases, reported 
in a retrospective review of obstetric patients who under- 
went epidural anaesthesia for vaginal delivery or Caesarean 
section,’ to 3% ın patients who had epidural catheters 
inserted for chronic pain indications. The latter study 
described two epidural abscesses in only 60 cases of 
catheter insertion and thus is unlikely to be an accurate 
statistical analysis of the true occurrence rate. A recent 
study of epidural catheters inserted over a 1-yr period in 
Denmark revealed an abscess rate of 1 in 1930 (0.05%).’ 
This aimed to include epidural catheters inserted for all 
indications in all anaesthetic departments in the country. 

In our retrospective review of 2401 patients who received 
epidural postoperative analgesia over a 5-yr period the 
incidence of epidural abscess was 0.125%. However, this 
does not include epidural catheters inserted for obstetric 
indications, which over the same time period amounted to a 
further 5000 cases, without a single case of epidural abscess. 
If these cases are included, the incidence falls to 0.04%. 

Infection of the epidural space may occur at the time of 
insertion of the epidural catheter? or by subsequent 
contamination by one of three different ways” through 
contamination of the skin site and subsequent spread along 
the catheter track, by haematological spread, or by 
intraluminar contamination via a contaminated syringe’® 
or contaminated local anaesthetic solution. t 

Infection at the time of insertion has been implicated in 
one published case in which the infecting organism was 
later isolated from nasal swabs taken from the anaesthetist.” 
There are factors that the anaesthetist can control to reduce 


the risk of contamination during insertion. These include the 
use of a strict aseptic technique and the choice of skin 
dressing used to secure the epidural catheter. 

We believe that strict aseptic technique during catheter 
insertion should include wearing sterile gloves and gown, a 
theatre cap and a facemask. The skin should be prepared 
with a suitable bactericidal agent, allowing time to ensure 
effective antibacterial action. In vitro studies have shown 
that exposing a suspension of MRSA and methicillin- 
susceptible S. aureus to 10% povidone iodine for either 15 
or 60 s will result in a 55.2% and 96.7% reduction in mean 
colony count, respectively. !? Furthermore, no organism was 
cultured after the same suspension was exposed to 0.5% 
chlorhexidine in 80% ethanol for 15 s. 

In all three patients described above, 10% povidone 
iodine was used for skin preparation. However, there was no 
record of how long it was allowed to dry. At this time it was 
not policy to use chlorhexidine routinely. Infection during 
insertion is unlikely to have occurred in patient 3, since 
swabs taken from the anaesthetist did not grow MRSA. The 
same strain of MRSA cultured from the abscess fluid was, 
however, also cultured from a patient who was on the same 
ward as patient 3 after discharge from the ITU. At this stage 
the epidural catheter had been in situ for 24 h. 

Skin colonization by bacteria at the site of the epidural 
catheter puncture may occur at the time of placement or 
later. One study has shown that even when aseptic 
techniques are used, the epidural and spinal needles can 
become contaminated with a variety of organisms which 
may introduce pathogens into the epidural space and lead to 
clinical infection.'? The type of dressing used to secure the 
catheter may influence infection as a result of skin 
contamination. The use of a porous dressing might be less 
likely to encourage bacterial culture by reducing the 
potential for fluid accumulation, but might increase the 
possibility of secondary pathogen colonization by the 
passage of bacteria through the dressing. This could have 
occurred in patient 3. 

Contamination of the epidural infusate is a further 
possible mechanism of infection. In all three patients a 
continuous infusion of bupivacaine and diamorphine was 
established after insertion of the epidural catheter. A closed 
delivery system and bacterial filter were used, in line with 
published recommendations.'* The infusate was delivered 
through a 60-ml syringe prepared by the anaesthetist. We 
have now changed to using 250-ml bags of 0.15% 
bupivacaine with diamorphine prepared in the pharmacy 
under sterile conditions. This may reduce the likelihood of 
contamination during preparation and during syringe 
changes.'* A recently published analysis of factors associ- 
ated with epidural infection reported an increased risk.of 
infection when the epidural infusate is administered via a 60- 
ml syringe driver rather than an infusion bag.’® It is 
interesting to note that mixtures of bupivacaine and dia- 
morphine in concentrations used clinically have bactericidal 
activity against commonly encountered skin organisms.!” 
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Attention to asepsis is important throughout the period 
the catheter is in situ as infection can occur whilst the 
patient is on the ward. The most common organism cultured 
from epidural abscesses is S. aureus," which we found in all 
three of our patients. Epidural abscess due to MRSA, as in 
patient 3, has been previously described in only one case in 
the literature.'®* Other organisms less commonly implicated 
are gram-negative bacilli, anaerobic bacteria and mycobac- 
teria.? 414 15 MRSA is a growing problem in hospitals. Each 
hospital should have policies ın place regarding admission 
to wards known to have MRSA-colonized or -infected 
patients. Whether these wards are closed to admission of 
patients, particularly those more susceptible to infection, 
depends on a number of factors, such as the strain of MRSA, 
number of cases and availability of alternative facilities.!° 

Infection of the epidural space is more likely to occur in 
certain patient groups. Patients 2 and 3 both had diabetes 
mellitus. Association of epidural infection with diabetes 
mellitus has been shown to be strong, one study showing 
that 13% of patients presenting with epidural abscesses 
without prior spinal injections also had diabetes mellitus.’ 
Witb epidural anaesthesia, identifiable risk factors other 
than diabetes mellitus are chronic renal failure, cancer, 
steroid administration, herpes zoster and rheumatoid arth- 
ritis. 

Patients 1 and 2 both received intraoperative antibiotics; 
however, whilst providing good surgical prophylaxis, these 
antibiotics are unlikely to have good bactericidial action 
against S. aureus. Antibiotics are not given to cover epidural 
catheter insertion and there is no evidence to support their 
introduction. Given the low incidence of epidural abscess, it 
would be very difficult to show a positive effect of 
prophylactic antibiotics. 

The common presenting symptoms of epidural abscess 
are backache (72%), radicular pain (47%), weakness of an 
extremity (35%), sensory deficit (23%), bladder or bowel 
dysfunction (30%), and paralysis (21%). Presentation 
may, however, be variable and pyrexia is not always 
present.”! ?? All three of our patients had backache but only 
two had a fever at the time of diagnosis. The third patient 
had been treated for a period with oral antibiotics before 
hospital admission, which may have masked the fever. If the 
symptoms do suggest a diagnosis of epidural abscess, then 
an MRI scan is the investigation of choice and eliminates 
the need for dural puncture.” 4 

The successful management of epidural abscess relies on 
an early dignosis and surgical decompression and debride- 
ment, followed by antibiotics.*7*7° A non-surgical ap- 
proach to management has been described.’ Patients 2 
and 3 were managed surgically and patient 1 conservatively. 
In patient 2, diagnosis was prompt after the onset of 
symptoms. In patient 1, a definitive diagnosis was delayed 
until MRI scans were performed, although the patient was 
treated with i.v. antibiotics at an early stage for a presump- 
tive abscess. An earlier MRI scan and referral to the 
neurosurgical centre would have been appropriate. Patient 


3’s diagnosis was delayed until the onset of a profound 
neurological deficit. This was despite the presence of local 
infection over the epidural site and the onset of lower back 
pain. The onset of symptoms and signs occurred in the 
primary setting and it is thus important to raise awareness 
amongst general practitioners of the possibility of such 
problems, especially as epidural anaesthesia is becoming 
increasingly popular, and postoperative discharge from 
hospital to the care of the general practitioner ıs occurring 
earlier. 

Whilst the benefits of epidural catheters in the manage- 
ment of postoperative pain have been widely documented, 
the accompanying risks must not be forgotten. Apart from 
epidural abscess formation, other complications with ser- 
ious consequences, such as epidural haematomas and nerve 
damage, may also occur. These complications are also rare. 
Epidural abscesses occur at a cost both to the patient and the 
hospital. A patient with an epidural abscess will have a 
prolonged stay in hospital, may undergo a spinal decom- 
pression and may be left with a permanent neurological 
deficit. The recovery rate from epidural abscess is poor. One 
survey of patients who received surgical intervention for 
epidural abscess revealed that of the seven patients who 
were paralysed before surgery, five died and two were 
paralysed permanently. Of the eleven patients who had only 
some neurological deficit, only three made a full recovery.” 

Hospital costs are also considerable. The patient may stay 
in hospital for several weeks, requiring full nursing care. 
Patient 1 stayed in hospital for 6 weeks and patient 3 for 3 
months. Diagnosis requires MRI scanning, which may not 
be readily available. Treatment may also involve transfer to 
a neurosurgical centre and the cost of a spinal decompres- 
sion. 

Since the occurrence of these three cases we have 
reviewed our practice and have re-emphasized that the 
following guidelines are adhered to. Epidurals should be 
inserted in a clean area (anaesthetic room or theatre). The 
anaesthetist should observe a strict aseptic technique, 
washing their hands with chlorhexidine for 2 min and 
wearing a theatre cap, facemask, sterile gloves and gown. 
The skin should be prepared with 0.5% chlorhexidine in 
80% ethanol and this should be left for 2 mun before 
attempting epidural insertion. A stere drape ıs placed 
around the insertion site. After catheter insertion, a 
semipermeable occlusive dressing (Opsite 3000) is applied. 
The dressing is inspected daily by the acute pain sister and is 
only changed if the catheter is to remain in place for longer 
than 3 days or if there is any blood staining. Infusates are 
prepared in 250-ml bags under sterile conditions in the 
pharmacy. We thus aim to minimize the chances of 
contamination by processes under the control of the 
clinician and acute pain team. In addition, we have raised 
the profile of epidural abscess as a complication of epidural 
analgesia amongst both hospital staff and general practi- 
tioners in order to ensure early diagnosis and appropriate 
investigation and treatment. 
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We present the cases of three women who, within a 6-month period, suffered post-partum 
generalized tonic-clonic selzures. All had received an epidural in labour for analgesia and were 
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subsequently diagnosed as suffering from postdural puncture headache. All were treated for 
that headache with Synacthen and one also received sumatriptan before her seizures. All made 
satisfactory recoveries and were discharged home. None displayed classical patterns suggestive 
of pre-eclampsia, meningitis, cortical venous thrombosis or any other pathological process 
that might explain these events adequately, and the specific precipitating factors were left 


unidentified. 
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Case 1 


A previously fit 37-yr-old primiparous woman with an 
uneventful pregnancy received epidural analgesia during 
labour. The hospital notes recorded the epidural procedure 
as ‘difficult’ but gave no specific details. Uterine contrac- 
tions were augmented with Syntocinon and the woman had 
a normal vaginal delivery. 

She complained of a headache immediately after delivery 
and was given acetaminophen with initial good effect. 
However, the headache returned the following day and 
was treated with co-proxamol. The headache persisted, 
becoming progressively more severe and positional, and 
radiating to the neck. It was then diagnosed as a postdural 
puncture headache (PDPH). A previous history of migraine 
effectively treated with sumatriptan was also elicited at this 
time and she was treated with bed rest, i.v. fluids and 
sumatriptan 100 mg orally, which resulted in resolution of 
her symptoms. 

She again complained of headache on day 2 after delivery 
and was given a further dose of sumatriptan, which once 
again provided good relief. However, the headache recurred 
and was further treated with compound analgesics and oral 
fluids. 

On day 4, despite analgesics, the headache continued and 
so she was given i.m. Synacthen 1 mg, and i.v. fluids were 
recommenced. A blood patch was discussed at this stage. 
Later that day the headache worsened and she vomited 
repeatedly. She was given morphine i.m., which relieved 
the headache, and the vomiting settled with metoclopra- 
mide. Her white cell count (WCC) at this time was 
10.810? litre’. 

By day 6, her headache had not resolved and a further 
dose of Synacthen 1 mg i.m. was given, followed by another 
dose of sumatriptan 100 mg orally. Until this point in the 
postpartum period, there had been no abnormal neuro- 
logical signs and no evidence of hypertension. Then she 
suffered two short-lived grand mal seizures, which were 
treated with diazepam 5 mg and then 10 mgi.v. A loading 
dose of phenytoin was given and she was sedated, intubated, 
ventilated and transferred to the intensive care unit, where 


she was noted to have an arterial pressure of 170/ 
100 mm Hg. 

The arterial pressure remained elevated for several hours 
after fitting, and was treated with sublingual nifedipine. She 
was extubated on day 7. A computed tomography (CT) scan 
of her head later that day revealed a low-attenuation area in 
the right occipitoparietal lobe and a smaller area in the left 
posterior parietal lobe, both suggestive of infarction. A 
subsequent lumbar puncture was normal. At this time she 
had no focal neurology, was afebrile and blood urea and 
electrolytes were normal. The WCC was 15X10? litre’, 

She was commenced on carbamazepine with the inten- 
tion of continuing it for a period of 6 months. She made an 
uneventful recovery, with no neurological deficit (despite 
the CT findings) before discharge on day 14. 


Case 2 


A 21-yr-old primiparous woman presented at her local 
hospital in labour at 39 weeks gestation, having previously 
been booked at another hospital, where antenatal attendance 
had been poor. She was generally healthy, suffering only 
from mild asthma (for which she used a salbutamol inhaler 
as required), and smoked 20-30 cigarettes per day. During 
her labour, an epidural was sited uneventfully before she 
underwent artificial rupture of membranes (ARM) and 
Syntocinon augmentation. She proceeded to normal vaginal 
delivery. 

On day 1 after delivery she complained of neck pain with 
headache and a diagnosis of PDPH was made. Oral and i.v. 
hydration, compound oral analgesics (co-proxamol) and 
bed rest were prescribed. The possibility of a blood patch 
was discussed, but she expressed reservations. Because her 
headache persisted and was ‘making hearing difficult’, she 
was given Synacthen 1 mg i.m. Her arterial pressure at this 
time was 120/60 mm Hg and she was afebrile. 

On day 2, she was still complaining of difficulty hearing 
and was feeling very sleepy. Despite this, she refused to 
comply with advice to remain in bed. Oral analgesia was 
changed to codeine and she received a second dose of 
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Synacthen 1 mg i.m. Her arterial pressure and temperature 
remained normal. 

On day 3, although she was still sleepy, her headache was 
improving, resulting in her refusal of a third dose of 
Synacthen. On day 4, she refused all analgesics and was 
generally uncooperative despite the persistent headache. On 
day 5, she suffered a generalized tonic-clonic seizure, 
during which she became cyanosed. The fit resolved 
spontaneously and, although post-ictal, she was responding 
to command, moving all four limbs, her pupils were equal 
and reactive and she did not have papilloedema. 
Observations immediately after the seizure revealed an 
arterial pressure of 120/60 mm Hg and a heart rate of 100 
beats min. Blood tests revealed that blood sugar was 
4.1 mmol litre’, WCC 16.8X10° litre’ and uric acid 
0.31 mmol litre’. Urea and electrolytes, liver function tests 
and full blood count were all normal. Midstream urine, 
sputum and blood culture samples taken at this time were all 
later reported as negative for bacterial growth. 

A second fit, 1 h later, was treated with diazepam 10 mg 
i.v. She was then intubated and ventilated and a CT head 
scan was performed. The scan showed small ventricles and 
meningeal hyperaemia. In the intensive care unit she was 
treated with phenytoin, cefotaxime and benzylpenicillin and 
was extubated later that day. 

On day 6 she returned to the labour ward after having had 
a magnetic resonance imaging scan (MRI) of her brain, 
which was reported as normal. She self-discharged on day 
12, still complaining of headache, and was lost to follow-up. 


Case 3 


This previously fit and well 33-yr-old primiparous lady also 
had an uneventful pregnancy. She was induced with Prostin 
vaginal pessaries and then ARM at term plus 13 days and 
sustained a dural tap on insertion of an epidural in labour. 
She underwent lower segment Caesarean section (LSCS) 
under general anaesthesia for failure to progress. 

On day 1, she complained of frontal head and neck ache 
on sitting up and was diagnosed as having a PDPH. She had 
no neurological symptoms or signs at this time and was 
afebrile. She was treated with oral compound analgesics and 
i.v. fluid, and blood patch treatment was discussed. 

On day 2, she still complained of headache, which was 
relieved by lying flat and taking regular oral analgesics. She 
was given Synacthen 1 mg i.m. but continued to complain of 
headache the following day and so was given a second dose 
of Synacthen 1 mg i.m. She was then encouraged to 
mobilize and i.v. fluids were discontinued. 

She was given a third dose of Synacthen 1 mg i.m. on 
day 4, but by day 6 she was complaining of spots in front of 
her eyes, blurred vision and headache. She suffered a grand 
mal fit and became peripherally cyanosed (arterial pressure 
170/100 mm Hg), but recovered spontaneously with 
facemask oxygen. After resolution of the fit, her arterial 


pressure was 126/71 mm Hg, pulse 80 beats min’, arterial 
oxygen saturation 95% and temperature normal. She was 
catheterized, i.v. access was established and i.v. hydration 
was resumed, but she was also allowed oral fluids. 

At this time the midwife noted that the patient had a 
swollen face and feet, but neurological examination proved 
unremarkable. Clotting screen, urea and electrolytes, liver 
function tests and full blood count were all normal, uric acid 
was 0.45 mmol litre”! and there was only a trace of protein 
in her urine. Later the same day, she again complained of 
headache and, as her arterial pressure was recorded as 163/ 
102 mm Hg, she was given nifedipine 10 mg orally. She had 
a non-contrast CT brain scan which was reported as normal. 
A loading dose of phenytoin was given, followed by 
maintenance therapy of 300 mg per day. 

On day 7 her arterial pressure was still elevated, at 153/ 
100 mm Hg, and an MRI of her brain was reported as 
showing a small infarct near the left trigone (near the 
posterior horn of the left lateral ventricle) and small focal 
ischaemic areas in the white matter. She was prescribed oral 
aspirin 75 mg daily and enoxaparin 40 mg s.c. Phenytoin 
was subsequently discontinued gradually and she made an 
uneventful recovery. 


Discussion 

The differential diagnosis of post-partum seizures includes: 
epilepsy; drug/alcohol withdrawal; pre-eclamptic toxaemia 
(PET); meningitis; space-occupying lesion; cerebral venous 
thrombosis (CVT); metabolic disturbance, (e.g. calcium and 
glucose); thrombotic thrombocytopaenic purpura (TTP); 
PDPH and certain treatments for PDPH, such as caffeine, 
sodium benzoate and sumatriptan. Investigation of the 
condition should include: arterial pressure and temperature 
measurement; urine and blood cultures; full blood count; 
urea and electrolytes; bone minerals; glucose; clotting; 
bleeding time; fibrinogen; liver function tests and erythro- 
cyte sedimentation rate; EEG; CT head; lumbar puncture (if 
not contraindicated) and MRI to exclude CVT if appropriate. 

None of the three ladies had a history of alcohol or drug 
abuse or of epilepsy. TTP and metabolic disturbance were 
excluded in all three by laboratory blood analysis. CT 
scanning failed to show potentially causal space-occupying 
lesions. None of the three women had any of the fluctuating 
motor or sensory focal neurological signs that are normally 
associated with CVT and two of the three had normal MRI 
scans. No convincing evidence of meningitis or PET was 
found, with only transitory post-ictal arterial pressure rises 
seen in two of the women. 

After dural puncture, the continued loss of cerebrospinal 
fluid (CSF) leads to decreased volume and pressure of the 
CSF compartment.’ This can cause a downward pulling or 
stretching of the intracranial contents as a result of the 
negative spinal—cranial pressure gradient. Cranial nerves, 
vessels, dura and brain parenchyma may be injured by 
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stretching, leading to complications such as sixth nerve 
palsy, seizures,” subdural haematoma? * and, very rarely, 
subarachnoid haemorrhage.* Decreased CSF pressure cre- 
ates an abnormal pressure gradient between the cerebral 
vasculature and the CSF. As veins are thin-walled and, 
within certain limits, will adjust passively to pressures in 
and around them, it is likely that negative pressure on the 
outside of the vein wall will result in vasodilatation.® In 
addition, a sudden decrease in CSF volume is proposed to 
further propagate vasodilatation via activation of vascular 
adenosine receptors.° 7 

Although PDPH is often self-limiting or resolves within 
24 h of conservative treatment, such as analgesics and fluid 
therapy, the potential significant complications of the 
condition lead us to treat it more aggressively after this 
period. Reversal of the postdural puncture cerebral vasodi- 
latation with vasoconstrictors has been tried with both 
caffeine and sumatriptan. Sumatriptan is a vasoconstrictor of 
pathologically dilated arterial vessels*” and its actions may 
be dose-dependent and show regional variations. Its use is 
cautioned in pregnancy and breast-feeding.'’ Seizures have 
been reported with the use of both sumatriptan and i.v. 
caffeine.'? 3 

In pre-eclampsia, women have a relatively dehydrated 
intravascular circulation and a vasoconstricted cerebral 
vasculature. !° '4 PET can present post-partum and is seen as 
a spectrum of clinical disease. Post-partum eclamptic fits 
lead to cerebral vasospasm, ischaemia and infarction.!> In 
women with both PET and PDPH, the use of vasoconstric- 
tors to treat the PDPH would seem unwise. Indeed, there 
may be a group of women with subclinical PET who would 
be at increased risk of cerebral infarcts if their PDPH were 
treated with vasoconstrictors. 

The mode of action of Synacthen in the treatment of 
PDPH is unknown.'®?® It was given in this hospital for 
many years before recent. requirements for audit and 
evidence-based medicine and thus no evaluation of its use 
as a treatment in this centre exists. Indeed, it was 
discontinued as a therapy for PDPH shortly after these 
three cases occurred. There are no published large-number 
trials in which the efficacy and side-effect profile of this 
treatment for PDPH have been fully evaluated. To date there 
are no reports in the literature of patients suffering seizures 
secondary to Synacthen therapy. 

Currently, the most widely used treatment for unresolving 
PDPH is an aseptically performed epidural blood patch. 
However, recurrent headache is a common event unless the 
blood patch is delayed by at least 48 h, and the influence of 
the volume of blood injected is unclear.’ 

In these cases, it seems likely that the Synacthen was 
ineffective and the seizures were caused by the complica- 


tions of untreated dural puncture. Further evaluation of the 
efficacy of Synacthen is needed before its use in the 
treatment of PDPH. Also, further evaluation of the effects of 
cerebral vasoconstrictors in the treatment of PDPH, par- 
ticularly in women with PET, is needed before they are used 
routinely. Indeed, one of these three women may have 
suffered seizures as a result of sumatriptan therapy. 
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We report the anaesthetic management of an adult with Rubenstein-Taybi syndrome. This 
rare congenital syndrome is characterized by severe learning difficulties, cardiac abnormalities, 
gastrooesophageal reflux, and cranio-facial abnormalities with the likelihood of difficult 
intubation. A ProSeal laryngeal mask airway was used to ventilate the patient for eye surgery. 
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Rubenstein—Taybi syndrome (RTS) is a rare autosomal 
dominant genetic disorder first described in 1963.' The 
underlying abnormality is disruption of a gene on chromo- 
some 16. Severe learning difficulty with progressive blind- 
ness and deafness is universal. Cranio-facial abnormalities 
suggest difficult tracheal intubation (Fig. 1).23 Gastro- 
oesophageal reflux has been described and may lead to 
recurrent respiratory infections. Congenital heart disease is 
present in one-third of patients.* Administration of sux- 
amethonium has been associated with multiple cardiac 
arrhythmias.” We describe the anesthetic management of an 
adult patient with RTS listed for bilateral phaecoemulsifica- 
tion and intra-ocular lens implants. 


Case report 


A 28-yr-old woman with RTS was seen before elective 
ophthalmic surgery. She suffered from severe learning 
difficulties, was deaf and had worsening vision because of 
cataracts. She was able to communicate by gestures. Her 
mobility was limited because of contraction deformities of 
the lower limbs, but she was able to feed and dress herself 
with help. Regurgitation of food was not reported, nor were 
recurrent respiratory infections. This suggested that she did 
not suffer from significant gastro-oesophageal reflux, 
although it was impossible to obtain a reliable history. 
Apart from ophthalmic and orthodontic problems she 
appeared to be in good health. She took no regular 
medication and had not had a previous anaesthetic. 
Examination showed a woman of short stature (120 cm, 45 
kg). She had a pronounced kyphoscoliosis. Her head was held 
flexed and extension of the neck was reduced, apparently by 
increased muscle tone. She had a small mandible, pro- 


nounced incisors, a high arched palate, and a high anterior 
larynx. The Mallampati airway grading as modified by 
Samsoon and Young was 3.7 We predicted difficult 
intubation. Examination of the cardiovascular system was 
normal. A normal full blood count, electrolyte profile, and 
ECG were obtained. Chest x-ray showed the kyphoscoliosis 
with small lung fields and a normal cardiac outline. 

We planned to ventilate the patient via a ProSeal 
laryngeal mask airway (PLMA‘), (Laryngeal Mask 
Company, Henley on Thames, UK). We made sure that 
two experienced anaesthetists, and equipment necessary to 
manage a difficult airway, including fibreoptic broncho- 
scope, were immediately available. 

The patient received a H, antagonist (nizatidine 150 mg), 
and a sedative (temazepam 20 mg), as premedication. Local 
anaesthetic cream (ametop) was applied to both hands. After 
non-invasive monitoring and a peripheral venous cannula had 
been placed, anaesthesia was induced with propofol 100 mg 
and fentanyl 50 ug. Adequate ventilation with a bag and mask 
was confirmed before a non-depolarizing neuromuscular 
blocking agent (atracurium 25 mg) was administered. We 
carried out laryngoscopy to ascertain the potential difficulty of 
future intubation, and the cords were partially seen (Cormack 
and Lehane Grade I view). A size 4 PLMA was inserted and 
intermittent positive pressure ventilation was established. A 
size 14 orogastric tube was passed via the drainage tube of the 
PLMA and was aspirated. No fluid was obtained. 

Anaesthesia was maintained with isoflurane 1% in 50% 
oxygen and nitrogen. Ventilation via the PLMA was readily 
achieved with inflation pressures less than 20 cm of water 
and with no evidence of gas leakage. The orogastric tube 
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Fig 1 A similar patient with RTS, illustrating characteristic cranio-facial 
abnormalities. Reproduced with permission from the BMJ Publishing 
Group; Berry AC. Rubenstein-Taybi syndrome. J Med Genet 1987; 24: 
562-6. 


was left in place to vent the stomach throughout the case. 
The patient had uneventful bilateral phaecoemulsification 
with intra-ocular lens implants. Neuromuscular block was 
antagonized at the end of surgery and the PLMA was 
removed with the orogastric tube after spontaneous breath- 
ing had returned. The patient made an uncomplicated 
recovery from anesthesia and was discharged from hospital 
later the same day. 


Discussion 


Whilst RTS is rare, patients may present when they require 
surgery for the correction of orthopedic, orthodontic, 
ophthalmic or cardiac lesions, or for incidental surgical 
conditions, We found no reports of the anaesthetic manage- 
ment of adults with RTS in English language journals. The 
associated problems pose significant difficulty for anaes- 
thetic management. Difficult intubation and recurrent 
respiratory problems might initially suggest regional anaes- 
thesia would be preferable for suitable cases, but commu- 
nication difficulties are likely to hamper compliance with 
such techniques. For the same reason awake fibre-optic 
intubation would be unsuitable. The reported high incidence 


of gastro-oesophageal reflux suggests that a rapid sequence 
induction with suxamethonium would be pruden 
report of adverse reaction to this drug would be against this 
Clearly, assessment must be made on an individual basis 

We considered difficult intubation as the biggest risk for 
this individual. However, the procedure planned was 
ophthalmic surgery for which the laryngeal mask airway 
is preferable from a surgical, anaesthetic 
perspective.” The patient we describe had no 
history of gastro-oesophageal reflux but we 
some protection from aspiration of stomach contents 
advisable. The PLMA offers a compromise between the 
two options. It is specifically designed for intermittent 
positive pressure ventilation unlike the standard or re 
inforced LMA. The design aims to separate the respiratory 
and gastrointestinal tracts. The drain tube is designed to vent 
stomach contents and may, therefore, reduce the risk of 
regurgitation of stomach contents.'” An orogastric tube may 
also be reliably passed via this lumen into the stomach.’ In 
addition, the PLMA achieves a seal against the larynx that is 
approximately 50% higher than the classic LMA 
reducing the likelihood of failed or inadequate ventilation 
Whilst this patient could have been safely anaesthetized in 
several ways, by using the PLMA we were able to reliably 
ventilate the patient, confirm that the stomach was empty 
and still provide an LMA-based anaesthetic 
desirable for such ophthalmic cases. 
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We describe the successful administration of a combined 
general and epidural anaesthetic for laparotomy in a patient 
with Brugada syndrome.' 


Case report 


A 52-yr-old man presented with acute small bowel 
obstruction for a laparotomy. Eighteen months before 
admission, the patient had suffered an unheralded episode 
of a pulseless cardiac arrhythmia (recognized by a relative 
trained in basic life support) at home. Recovery occurred 
after basic cardiopulmonary resuscitation, before the arrival 
of the paramedic ambulance crew. A further episode of 
monitored ventricular fibrillation (VF) in the ambulance 
required a single 200 J cardioversion. He had no history of 
angina or previous syncope and there was no family history 
of sudden death. His father had suffered a myocardial 
infarction at the age of 50 and died. The patient had been a 
smoker until 3 months before admission and had a history of 
peptic ulcer that had been treated with ranitidine. 

On investigation, the patient had a 12-lead ECG showing 
a partial right bundle branch block with a ‘coved’ pattern of 
ST elevation in leads V, to V; (Fig. 1). Cardiac enzymes 
were not elevated. Subsequent cardiac catheterization 
showed normal left ventricular function and coronary 
arteries. The patient underwent a flecainide challenge with 
an i.v. bolus of 150 mg. This produced accentuation of the 
ST elevation, consistent with Brugada syndrome. In view of 
the documented VF arrest, characteristic ECG features, and 
the absence of underlying structural heart disease, a 
diagnosis of Brugada syndrome was made. A single- 
chamber implantable cardioverter—defibrillator ICD) was 
inserted under local anaesthesia and sedation. The patient 
was discharged home on aspirin, ranitidine, nadolol (sub- 
sequently changed to bisoprolol) and amiloride. 


Before arrival in the anaesthetic room during this 
admission, the question of postoperative analgesia was 
discussed with the patient. Having been informed of the 
various options and their associated risks, the patient 
consented to the placement of a thoracic epidural catheter 
after induction of general anaesthesia. After the patient had 
arrived in the anaesthetic room, and with the patient fully 
monitored, the ICD was externally disabled. A right radial 
arterial cannula and a right internal jugular triple-lumen 
cannula were inserted under local anaesthetic. The patient 
underwent rapid sequence induction with thiopental 
5 mg kg”! and succinylcholine 100 mg. After intubation 
of the trachea, the patient was given fentanyl 100 ug and a 
thoracic epidural catheter was inserted aseptically at the T8/ 
9 space with the patient in the left lateral position. 
Cefuroxime 1.5 g, metronidazole 500 mg and gentamicin 
320 mg were then administered. Anaesthesia was main- 
tained using an oxygen-nitrous oxide—isoflurane mixture 
with increments of vecuronium 2 mg for neuromuscular 
block. Epidural analgesia was provided with 0.25% 
bupivacaine 10 ml and fentanyl 20 ug. An external 
defibrillator, connected to defibrillation pads placed on the 
patient, was present in theatre during the laparotomy. At 
operation, some minor small bowel adhesions were divided. 
No other abnormality was found. Neostigmine 2.5 mg— 
glycopyrrolate 0.5 mg solution was used at the end of the 
procedure to antagonize the neuromuscular block. Con- 
tinual monitoring of the ECG showed no abnormalities as a 
result of the anaesthetic or the operation. The internal 
defibrillator was re-enabled in the recovery room, and the 
patient went on to recover successfully from the operation. 


Discussion 


Brugada syndrome is characterized by an ECG pattern of 
right bundle branch biock and ST segment elevation in the 
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Fig 1 Resting 12-lead ECG showing a characteristic pattern of right bundle branch block with ‘coved’ ST elevation in leads V, to V: 


right precordial leads (V; to V3), without evidence of 
underlying structural heart disease. It is associated with a 
significant risk of ventricular tachyarrhythmias and sudden 
death. It was first recognized as a distinct clinical entity in 
1992,' The syndrome is familial (although this was not 
observed in our patient), with an autosomal dominant mode 
of transmission and incomplete penetrance. Arrhythmic 
events are observed at an average age of approximately 
40 yr, but have been reported over a wide range of ages from 
2 to 77 yr? 

Establishing the diagnosis of Brugada syndrome can be 
difficult. The electrocardiographic signature is concealed in 
up to 30% of affected individuals? and can only be seen after 
administration of potent sodium channel blockers, such as 
flecainide, propafenone and procainamide.* However, 
recent follow-up data indicate that the risk of ventricular 
tachyarrhythmias is low in the absence of a resting ECG 
abnormality." In patients with an abnormal resting ECG, 
electrophysiological study incorporating programmed elec- 
trical stimulation is recommended to further define the risk 
of malignant tachyarrhythmia. In the presence of inducible 


VT/VF, the risk of sudden death is 5-10% per year and ICD 
implantation is recommended, as it is in any Brugada patient 
with a history of documented VT/VF or resuscitated cardiac 
arrest. 

The molecular basis for the ventricular arrhythmias 
remains uncertain. Mutations have been identified in 
patients with Brugada syndrome in the SCNS5A_ gene, 
which codes for the tetrodotoxin-‘insensitive’ human car- 
diac sodium channel (hH1).° The functional abnormalities 
of the expressed mutant channels are opposite to those 
found in sodium channel mutants associated with long-QT 
syndrome. In Brugada syndrome, as in some of the other 
idiopathic ventricular fibrillation syndromes, the sodium 
channels show loss-of-function features, such as enhanced 
inactivation.’ However, it is difficult to see how these 
features give rise to ventricular arrhythmias. A clue may 
come from the finding that calmodulin, a ubiquitous 
calcium-sensing protein, binds to the carboxy-terminal IQ 
domain of the hH1 channel in a calcium-dependent 
manner. A naturally occurring mutation (A1924T) in the 
IQ domain alters hH1 function in a manner characteristic of 
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the Brugada syndrome, but at the same time inhibits slow 
inactivation induced by calcium—calmodulin, yielding a 
clinically benign (arrhythmia-free) phenotype. Further 
studies will be required to elucidate the precise mechan- 
ism(s) by which the other mutations in hH1 give rise to 
Brugada syndrome. 

So far as we can ascertain, this is only the third 
report of a general anaesthetic having been administered 
to a patient with Brugada syndrome. The first case 
report” describes a 47-yr-old Japanese male undergoing 
hemilaminectomy. Anaesthesia was induced with fenta- 
nyl 50 ug, droperidol 2.5 mg and propofol 120 mg, and 
the neuromuscular blocking drug used was vecuronium 
8 mg. Maintenance of anaesthesia continued with the 
use of sevoflurane and further fentanyl 150 pg. 
Antagonism of the neuromuscular block was accom- 
plished using neostigmine 2.5 mg and atropine 1.0 mg: 
during antagonism the authors noted an elevation of the 
ST segments on the ECG. 

A second case report!” describes a 49-yr-old man with 
Brugada syndrome who had surgery for a polyp on the vocal 
cords. Despite episodes of vertigo and an ECG showing a 
right bundle branch block with elevation of the ST segments 
in leads V, and V>, the cardiologist did not consider that 
there was an indication for an ICD. The patient was given 
diazepam 10 mg orally as a premedication and monitored 
using ECG, a non-invasive blood pressure cuff, pulse 
oximetry and capnography. Induction of anaesthesia was 
carried out using fentanyl 0.2 mg, propofol 200 mg, 
mivacurium 18 mg and glycopyrrolate 0.3 mg. A portable 
defibrillator was placed in theatre in case ventricular 
dysrhythmias developed. Anaesthesia was maintained 
using 1% isoflurane with a nitrous oxide-oxygen gas 
mixture. After surgery, the patient was transferred to the 
recovery room and monitored for 2 h. No problems were 
reported with this anaesthetic. 

Both sets of authors in these case reports note that the 
administration of drugs that block sodium channels, such as 
procainamide and flecainide, are contraindicated in patients 
with Brugada syndrome. 

Miyazaki and colleagues’! describe four patients who 
underwent investigation for Brugada syndrome. They noted 
that selective Q-adrenoceptor stimulation by i.v. norepi- 
nephrine in the presence of propranolol or by i.v. 
methoxamine consistently augmented ST segment elevation 
whereas (-adrenoceptor block reduced it in three of the 
patients. Additionally, i.v. neostigmine and class IA 
antiarrhythmic drugs augmented ST elevation without 
inducing coronary spasm, but class IB antiarrhythmic 
drugs had no effect on ST elevation. However, the number 
of patients was very small and it is difficult to draw firm 
conclusions from this study, especially in the light of the 
heterogeneous nature of the mutations leading to Brugada 
syndrome. 

In the case described by Lafuente Martin and col- 


10 . : . 
leagues ` and in our case, isoflurane was administered as an 


anaesthetic agent. It is perhaps surprising (and illustrates the 
lack of detailed understanding of the physiology and 
pharmacology behind Brugada syndrome) that no cardiac 
arrhythmias were detected during anaesthesia in these cases, 
in the light of recent evidence suggesting that isoflurane 
should be avoided in patients with prolonged QT, syn- 
drome," 

Administration of i.v. neostigmine with glycopyrrolate in 
our patient did not give rise to any detectable cardiac 
arrhythmia. Likewise, bupivacaine given via the epidural 
route did not cause problems. However, in view of the fact 
that drugs that block the sodium channels may cause 
problems in patients with Brugada syndrome, it may be wise 
in future to avoid systemic administration of local 
anaesthetics by routes that cause a rapid increase in serum 
concentrations of local anaesthetic. 

Reported experience of general anaesthesia in Brugada 
syndrome is limited at present. However, it is an increas- 
ingly recognized disorder, and one which many anaesthe- 
tists are likely to encounter in their clinical practice in the 
future. Caution should be exercised when using o-agonists 
or neostigmine, while class I antiarrhythmic drugs must be 
avoided. In any patient with an ICD, the device must be 
disabled immediately before surgery. Close cooperation of 
the anaesthetist with a cardiologist is essential both before 
and after surgery. In patients with Brugada syndrome in 
whom no ICD has been fitted, recovery should take place in 
either a coronary care unit or a high-dependency unit. This 
will permit detection and treatment of cardiac arrhythmias, 
which are most likely to occur in the postoperative period," 
in a timely manner. 
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Background. There has been recent concern in the media over the possible detrimental 
effects of herbal medicines on the perioperative period. Percelved by the public as ‘natural’ and 
therefore safe, herbal ramedies may have led to adverse events such as myocardial infarction, 
bleeding, prolonged or inadequate anaesthesia and rejection of transplanted organs. In addition, 
herbal remedies can Interact with many drugs given in the perioperative period. In this article 
we summarize the potential perioperative complications that can occur. 


Methods. In order to determine the extent of use of herbal medicines, we conducted a survey 
of patients presenting for anaesthesia. During a 3-month period, patients were directly asked 
by anaesthetic staff if they were currently self-administering herbal medication. 


Results. Of 2723 patients, 131 (4.8%) were taking one or more herbal remedy. In only two 
cases was this recorded in the patients’ notes. Women and patients aged 40—60 yr were most 
likely to be taking a herbal product (P<0.05 and P<0.001 respectively). The most commonly 
used compounds were, in descending order, garlic, ginseng, ginkgo, St John’s wort and 
echinacea. 


Conclusion. Self-administration of herbal medicines is common in patients presenting for 
anaesthesia. Because of the potential for side-effects and drug interactions it is important for 
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anaesthetists to be aware of their use. 
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There has been increasing concern in the American medical 
press about the potential complications arising in the 
perioperative period as a result of patients’ use of comple- 
mentary medicines.' The assumption by patients and 
doctors that these products ‘are natural and therefore safe’ 
is clearly dangerous. Morbidity and mortality are more 
likely in the perioperative period because of the poly- 
pharmacy and assaults on normal physiology that occur.” 
Such complications may include myocardial infarction,” 
bleeding,’ > prolonged® or inadequate anaesthesia’ and 
organ transplant rejection.® 

The exact degree of cause for concern remains unclear. 
Very few of the huge number of herbal remedies have been 
formally researched and therefore most information is 
pooled from case reports and other anecdotal evidence. 


In Table 1 we summarize the most commonly used herbal 
remedies together with their possible modes of action and 
perioperative complications.” 7 *™ 

There appears to be increasing public interest in the use of 
complementary medicine. In the USA the self-prescribing 
of herbal medicines in the presurgical patient has been 
studied. Tsen and colleagues reported the use -of herbal 
remedies in 22% of presurgical patients” and in a similar 
study Kaye and colleagues reported 32%.”° More than 70% 
of these patients failed to disclose their use of herbal 
medicines to their attending anaesthetist. 

It remains to be seen if the enthusiasm for such remedies 
is as high in this country. The aim of this study was to 
quantify the use of herbal remedies in patients attending for 
anaesthesia in a British district general hospital. 
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Table 1 Pharmacological effects and potential penoperative complications of eaght commonly used herbal remedies 


Name of herb Common uses 


Echinacea, purple 


coneflower root 


Ephedra, ma huang 


Garlic, ajo 


Ginkgo, maidenhair, 


Prophylaxis and treatment of viral, 
bacterial and fungal mfections 


Diet aid 


Antihypertensive, lipid-lowering 
agent, anh-thrombus-forming 


Circulatory stimulant Used to treat 


Pharmacological effects 


Stimulation of the ummune system.’ 
With long term use may be 
immunosuppressive!? 


Indirectly and directly actıng 
sympathomunetic!? 


Inhibits platelet aggregation (partially 
irreversibly) in a dose-dependent 


manner ‘> Lowers serum lipid and 
cholesterol levels!® 


Inhibits platelet activating factor '7 


Potential perioperative complications 


Reduced effectiveness of immunosuppressants |! 
Potential for wound infection with long-term use 
May cause hepatotoxicity especially when used with 
other hepatotoxic drags! 


10 


Dose-dependent increase in heart rate and blood 
pressure with potential for penoperative myocardial 
infarction and stroke '* Arrythmias with halothane 
Tachyphylaxis with mtraoperative ephedrine 


May potentiate other platelet inubitors Concerns for 
perioperative bleeding Concerns for neuraxial 
blockade 


Concerns for perioperative bleeding.” ° May potentiate 


fossil tree Alzheimer's disease, peripheral Antioxidant !® Modulates other platelet inhibitors 
vascular disease and erectile neurotransmitter activity 
dysfunction ` 
Ginseng, ajo To protect the body agamst stress Poorly understood. Possible simular Potential to increase perioperative bleeding. 
and restore homeostasis mechanism to steroid hormones. Potential for hypoglycaemia 
Inhibits platelet aggregation (partly 
irreversibly). Prolongs activated 
partial thromboplastin tme.?! 
Kava, ava pepper Anxnolytic Possible potentiation of aminobutyric Potentates sedative effects of anaesthetic agents © 
acid (GABA) transmission” Possible withdrawal syndrome after sudden abstunence 
Recent reports of kava-unduced hepatotoxicity to the 
medicines control agency 
St John’s wort, Treatment for depression and Central inhibition of serotonin, Decreased effectiveness of cyclosporin, alfentanil, 
goatweed, amber, anxiety noradrenaline and dopamine 7 midazolam, lignocaine, calcium channel blockers and 
hardhay Induction of cytochromes 450 3A4 digoxin’ 
and P450 2C9 
Valenan, vandal root, Anxiolytic and sleep aid Potentiation of GABA Potenttates sedative effects of anaesthetic agents. 
all heal neurotransmussion™ Withdrawal-type syndrome with sudden abstinence 
Method spectively for any mention of the herbal medicine in the 


During a 3-month period, operating department prac- 
titioners and anaesthetic nursing staff questioned all patients 
about their current use of herbal remedies immediately 
before administration of anaesthesia. The questioning 
formed part of the routine preoperative checklist and 
asked if the patient was presently taking, or at some point 
in the last 2 weeks had taken, herbal medication. 

A list of 16 commonly used medications was made 
available to the patient and questioner to act as a guide, as 
not all the questioners were familiar with herbal remedies. 
However, if the patient was taking another form of 
alternative medicine not mentioned on the list this was 
also recorded. Vitamins and minerals were not included in 
this survey. Non-English speakers were excluded from 
questioning. 

The questionnaire recorded age, sex and the name(s) of 
the herbal medicines currently taken. In the case of patients 


taking such remedies, their notes were examined retro- . 


preassessment clerking or drug information section of the 
anaesthetic form. 

Results were tabulated and analysed using appropriate 
descriptive statistical analysis. Differences with respect to 
the influences of patient sex and patient age on the 
prevalence of herbal medication use were tested by using 
x” analysis. A P value of <0.05 was considered statistically 


significant. 


Results 


During the 3-month period, 3349 patients underwent 
anaesthesia at Wexham Park Hospital. Forms were received 
from 2723, giving a response rate of 81.3%. 

A total of 131 patients reported the use of herbal 
medications (4.8%). Eighty-three patients were taking a 
single herbal remedy and 48 patients were taking more than 
one. Of these patients, 42 reported using two herbal 
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Table 2 Age groups Table 3 Types of herbal medication used 
Age (yr) Taking herbal Not taking Total % Medication Number % of all % of total number 
medication (A) herbal medication @B) (A/B) using patients of herbal medications 

a ee a used 
30 18 o’ 655 673 2.7% 
31-40 20 283 303 ae A 3 011 1.6 
41-50 34 358 392 “87% Ec 19 0.70 101 
51-60 32 348 380 ° 84% Ephedra 3 0.11 1.6 
61-70 17 435 452 38% Garlic 43 1.58 22.9 
>70 10 513 523 1.9% Ginkgo 30 1.10 16.0 
ne Gaseg 34 1.25 18.1 

Kava 1 003 0.5 
Primrose 11 0.40 59 
medicines, four reported using three, one reported using Re4 clover 2 0.07 11 
3 : f Saw palmetto 5 018 27 
four and one reported using five remedies. Female patients st John’s wort 27 099 144 
(80 out of 1387) used herbal medicines more frequently than Valenan 10 037 53 
males (51 out of 1336; y7=5.65, P<0.05) (Table 2). Total 188 481 
Our data indicate an influence of age on the prevalence of 

herbal medication use (Table 2). 


The most commonly used medications reported are 

shown in Table 3. Garlic, ginseng, ginkgo, St John’s wort therefore lead to significant variations in the pharmaco- 

and echinacea were the most frequently reported remedies _ logical effects of a given remedy. 
in order of highest to lowest. Despite the exemption from regulatory laws, in October 
In only two cases was there written documentation of the 1996 the Yellow Card Scheme [the voluntary, spontaneous 
patient’s use of herbal remedies in the medical notes. In both adverse drug-reaction reporting scheme run by the 
cases the documentation was in the preassessment clerking. Committee on Safety of Medicines (CSM/Medicines 
There were no records of the patients’ use of herbal Control Agency UK)] was extended to include reporting 
preparations on any anaesthetic forms. of suspected adverse reactions to unlicensed herbal medi- 
j cines. As of May 28, 2002, the CSM/Medicines Control 
Agency had received 1260 reports of adverse reactions that 
Discussion were suspected to be associated with herbal medicines via 


Our survey showed that substantially fewer patients are self- the Yellow ard Scheme. Ot hese ot Nae as tate) 
administering herbal remedies when compared with similar association (CSM, PR nial Communication) j 

surveys carried out in the USA. However, it remains that a In addition, at the international level, 5000 on ai 
significant proportion of the presurgical population are reactions were reported to the WHO before 1996,” and 


taking potentially harmful medications without the know- between 1993 and 1998 a further 2621 adverse events, 
ledge of their anaesthetist. including 101 deaths, were reported to the US Food and 


Although the pharmacodynamics and pharmacokinetics Drugs Administration.*° Of concern is that there is no doubt 
of the majority of these remedies have yet to be fully ‘hat these figures are grossly underestimated, as medical 
clarified, reports of adverse events in the perioperative Staff are often ignorant of the pharmacology of these 
period suggest their importance and certainly that anaes- medications. 
thetists should become more aware of their use. In our survey there was no documentation of herbal 

In the UK the majority of herbal medicines are exempt Medications on the anaesthetic forms of patients using such 
from the licensing requirements set out in Section 12 of the Products. We must assume that this was because either the 
Medicines Act 1968.7” Approximately 20% of companies patients or their anaesthetists did not consider them to be of 
choose to seek a licence as a sign of a higher quality product. importance. We believe that anaesthetists should elicit and 
This process, however, is long and expensive and it can document a full drug history, including the use of herbal 
prove difficult to meet conventional requirements to prove remedies, in every patient. 
product efficacy. In addition, herbal medicines cannot be Because pharmacokinetic data are lacking, the American 
patented, and this further removes the incentive to undertake Society of Anesthesiologists recommends that patients 
costly research. In effect, this leaves the vast majority of discontinue use of herbal medications 2-3 weeks before 
herbal remedies exempt from the safety and efficacy surgery.” °? However, it remains that many patients will 
requirements and regulations that prescription-only and still be taking herbal remedies before surgery, either 
over-the-counter drugs must fulfil (i.e. preclinical animal because they are unaware of this recommendation, or 
studies, controlled clinical trials and post-marketing sur- because they are presenting for non-elective surgery. This 
veillance). This current lack of regulation of herbal means that all anaesthetists must familiarize themselves 
medicines also allows the potency of the herbal content with the potential perioperative complications that can 
to vary from manufacturer to manufacturer.’ This can occur with the commonly used remedies. Anticipating a 
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possible reaction is better than reacting to an unexpected 
condition. 
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Recruitment manoeuvres on high frequency 
oscillation ventilation 


Editor—We read with interest the recent article on high frequency 
oscillation in adolescents by Moganasundram and colleagues.! 

The article raises a number of issues regarding the initiation and 
use of high frequency oscillatory ventilation (HFOV) not just in 
adolescents but also in adults. 

In our unit we have used HFOV for over 3 yr on more than 70 
patients. Through experience, we have found that recruiting in a 
stepwise fashion whilst connected to the oscillator has resulted in 
better haemodynamic stability and oxygenation. We use the 
Sensormedics 3100B (Yorba Linda, CA). All patients are 
connected with a closed suction system (Vygon, Cirencester, 
UK) in place, to prevent derecruitment with an of 1.0 and an 
amplitude (AP) of 0, on a bias flow of 40 litre min`“. Mean airway 
pressure is then adjusted to 40 cm H,O and maintained for 40 s. 
The alarm on the Sensormedics 3100B can be silenced for 45 s 
and is therefore ideal for timing the duration of the recruitment 
manoeuvre. We use this pressure and duration from the evidence 
produced in Amatos’ study.? However, we are aware of the 
problems of defining optimal lung inflation. 

The mean airway pressure is then reduced to 30 cm HO on an 
Fig, of 1.0 and the Fig,reduced every 2 min till either an Fio, of 
0.4 is obtamed or the saturations are 88-93%. If the Fio,cannot be 
reduced to <0.6, then another recruitment manoeuvre is performed 
to 40 cm H,O for 40 s on a Fio,of 1.0, but only reducing the mean 
airway pressure to 35 cm H20. The process is again repeated and 
if an Fig,of 0.6 still cannot be obtained then the recruitment 
manoeuvre is repeated but at a pressure of 50cm H20 for 40 s. If 
during recruitment any patient shows signs of haemodynamic 
instability, the manoeuvre is abandoned and the patient’s preload 
1s optimized using the PiCCO system (Pulsion Medical Systems, 
Munich, Germany). 

In our experience this technique gives a more controlled 
recruitment without using repeated disconnections starting at 
lower pressures than the manual procedures appled by 
Moganasundram and colleagues? using the Mapleson C circuit. 
It therefore allows more control over haemodynamic stability and 
oxygenation. This stepwise recruitment manoeuvre avoids any 
risk of derecruitment on disconnection and in theory any damage 
to the tracheal tube during claniping. Also it 1s more useful in 
patients with tracheostomies in situ who will not be able to have 
their tubes clamped. 

We also question the use of the prone position in these patients 
on HFOV for a number of reasons. First, while in small children 
and neonates the process of turning the patient prone may be 
carried out safely and with ease, the process in large adults 
significantly increases the risk of iatrogenic complications.” 
Second, in our experience, the prone position on HFOV does 
not improve gas exchange if the patients have been adequately 
recruited initially. Recent evidence has also shown no improve- 
ment in outcome in those > patients who have been placed prone on 
conventional ventilation.“ 

The greater frequencies used by Moganasundram and collea- 
gues? (6-8 Hz) may reflect their experience with the paediatric 
population, but in our experience have resulied in significant air 
trapping and hypercapnia. We tolerate a pH >7.25 and manipulate 
this initially by increasing the amplitude (AP) to a maximum of 
90 cm H,O and then decreasing the frequency to a mınımum of 
4 Hz to control the pH. Recent evidence has also suggested that 
the Paco,level may have a prognostic value, as survivors have 


demonstrated a significant reduction in Paco,levels compared to 
non-survivors. 

Once again, the timing of intervention with HFOV has been 
brought to our attention and we agree it should no longer be used 
asa last resort or ‘rescue therapy’ but early to avoid further lung 
injury.© We currently institute HFOV for those patients at risk of 
developing further acute lung injury and feel that it 1s an 
extremely useful tool in the management of ARDS. We await with 
interest the results of the controlled trials currently in progress. 


R. G. Roberts 
N. J. Stallard 
P. Morgan 
Cardiff, UK 


Editor—Thank you for the opportunity to reply to Roberts and 
colleagues. Roberts’ group have extensive experience with high 
frequency oscillation (HFO) in adults and describe an oscillator- 
based recruitment manoeuvre starting at 40 cm H3O, similar to 
that described by Amato.” We concede that there 1s no consensus 
as to the idea] recruitment manoeuvre whilst on HFO. However, 
Roberts’ comment that their technique provides a ‘more 
controlled recruitment starting at lower pressures’ is clearly not 
borne out by our data. Table 1 in our paper' shows that our 
patients had initial mean airway pressures of 33, 26 and 40 cm 
H20 with corresponding maximum recruitment pressures of 38, 
31 and 45 cm H320. Also, the claim to ‘better haemodynamic 
stability and oxygenation’ is difficult to sustain without hard data. 

We would agree that repeated disconnection for suctioning runs 
a risk of derecruitment. However, in our experience the frequency 
of suctioning on HFO is reduced compared to conventional 
ventilation, possibly as a result of better carbon dioxide clearance 
with HFO. Furthermore, we would advocate caution when 
considering the closed suction system advocated by Roberts. 
This system is purported to avoid alveolar collapse during 
conventional ventilation;’ however, extreme negative pressure 
levels can result when suction flow is higher than ventilator flow.® 
The significance of this may be amplified during the active 
expiratory (negative pressure) phase during HFO. Also, on 
introduction of the suction catheter into the tracheal tube, there 
is an increase in end-expiratory pressure that can reach more than 
10 cm H20 above the set extrinsic positive end-expiratory 
pressure.® The literature is lacking in information on the use of 
closed suction systems with high frequency oscillatory ventilation. 

We have not encountered damage to the tracheal tubes dunng 
clamping, probably as a consequence of the infrequency of 
suctioning and the positioning of protective gauze between the 
clamp and the tracheal tube. This technique is obviously not 
suitable for the tracheostomized patient. However, this practice 1s 
not common ın paediatrics. 

We were somewhat surprised at the view taken by Roberts 
about prone positioning in the management of acute respiratory 
distress syndrome. First, we do not think it is correct to extrapolate 
the iatrogenic problems multi-trauma patients suffer in the process 
of turning them prone to the rest of the acute respiratory distress 
syndrome population. Second, the fact that prone positioning 
improves oxygenation has been well established since its 
introduction in 1976.9 To state that the improvement in 
oxygenation with prone positioning is not associated with a 
decrease in mortality on the basis of a single trial may be 
premature.* Gattinoni’s trial had several methodological pro- 
blems: (i) the trial was stopped early because of reluctance by staff 
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to forgo the prone position, resulting ın decreased power; (ii) the 
patients were placed prone for only 7 h each day. Furthermore, 
other outcome measures such as duration of ventilation and length 
of hospital stay were not addressed.* 

A final comment on our methodology relates to the relatively 
high frequencies (6-8 Hz) used. We have not experienced 
significant air trapping as a result of these frequencies. Also, as 
tidal volume and frequency bear an inverse relationship,!° small 
absolute changes in frequency in this range (for example, 
decreasing from 8 to 4 Hz) equate with large relative changes 
in frequency (50% decrease) and hence tidal volume (100% 
increase). This in turn may reduce lung protection. Furthermore, 
excessive efforts to reduce P on the basis of the lower levels 
found ın the survivors in Mehta’s study” may be erroneous for two 
reasons. First, survivors had been conventionally ventilated for a 
shorter period prior to initiation of HFO. Thus the lower carbon 
dioxide may be an epiphenomenon, reflecting less irreversible 
lung damage in these patients. Second, there is evidence for the 
lung protective aspect of hypercapnia per se.1! ! 


S. Moganasundram 
London, UK 
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The output of two sevoflurane vaporizers in the 
presence of helium 


Editor—We read with interest the short communication by 
Carvalho and Sanders’ that highlights the issue of output from 
vaporizers for new inhalational anaesthetic agents. 

A variation in performance is unsurprising when using a gas 
other than that for which the vaporizer has been specifically 


Table 1 Output from Bilease Datum sevoflurane vaponzer, dialled 
concentration 8%, fresh gas flow (air) 5 litres min`, measured by two gas 
analysers, Ohmeda AGM 5330 and Agilent Viridia M0126A 


AGM Agilent 
(% sevoflurane) (% sevoflurane) 

Inthally 7.6 775 

2 mn 74 755 

6 mm 7.1 71 

9 min 7.0 70 

12 mn 7.0 69 

15 min 70 6.8 

18 min 69-70 675 

21 min 6.9-7 0 67 

23 min 69 665 

27 min 69 655 

30 min 69 655 


Table 2 Blease Datum sevoflurane vaporizer output with increasing camer 
gas flow rates at 8% dialled concentration 


Carrier gas flow % Concentration % Concentration 
ditres min`’) (Vaporizer 1) (Vaporizer 2) 

1 82 84 

3 79 84 

4 7.7 8.3 

5 7.5 8.2 

7 69 7.8 

9 6.7 73 

10 6.4 69 

12 6.2 62 


calibrated. However, a large variation ın performance when using 
the carrier for which the vaponzer is specifically calibrated 1s 
unexpected. 

We recently experienced a problem with the use of sevoflurane 
for the rapid induction of anaesthesia in a group of paediatric 
patients with congenital heart disease, undergoing diagnostic and 
interventional cardiological procedures. Patients were induced 
with sevoflurane at 8% dialled concentrations from one of two 
Blease Datum vaporizers with oxygen or air/oxygen as the carrer 
gas. Fresh gas flow rates between 5 and 10 litres min™ were used 
with a Jackson-Rees modification of Ayre’s T-piece and standard 
anaesthetic flowmeters and backbar. 

After a prolonged time to loss of consciousness (several 
minutes), and prolonged patient struggling,” it was noted that 
maximum inspired concentration of sevoflurane achieved was 5% 
(measured at the patient end of the breathing system). 

The backbars and vaporizers involved were tested by the 
hospital’s department of biomedical engineering, using the 
Ohmeda AGM 5330 and Agilent Viridia M0126A anaesthetic 
gas analysers. These tests were carried out under usual operating 
conditions (i.e. appropriate to the clinical situation). The output 
from the vaporizers at a fresh gas flow of 5 litres min’ and a 
dialled concentration of 8% with air as the carrier gas (Table 1) 
was measured. 

The vaporizer performance was within the range specified by 
the manufacturer. Interestingly, however, the specified range is 
very wide (20% of setting at 5 litres min™’ oxygen). Nielsen and 
colleagues” have documented that fewer than 30% of anaesthetists 
would accept a variance beyond +10% of the dial setting 

The delivery of the vaporizer decreased further at higher flows 
We tested the effect of increasing flows incrementally to 12 litres 
min™ on the output of the two vaporizers, with a time of 1 min 
between changes and measurements. This was based on advice 
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from the manufacturer that the time to equilibrate is less than 1 
min (Table 2). The results confirm our clinical observation of 
decreasing output with increasing flow rate. 

At a fresh gas flow of 10 litres min™ (concentration setting of 
8%) the specified output decreases by 1% (volume) compared 
with the base line at 5 litres mm’ Sevoflurane has a low saturated 
vapour pressure of 21.3 kPa at 20°C, requiring greater flow 
through the vaporizing chamber compared with vaporizers for 
other volatile agents. Previous studies have noted the lower than 
expected output of sevoflurane from a Sevotec 5 vaporizer at high 
concentrations, high flow and low fill states.‘ 

- The temperature compensation 1s known to be imprecise. A 5°C 
temperature drop reduces the output by approximately 0.25%, as 
specified in the supplier’s manual (greater reduction at higher 
fresh gas flow rates). The combination of these errors will result in 
an output that may be as low as 6.5% after a few minutes of 
vaporizer use. There may also be a small measurement error in the 
analysis equipment of 0.2%. 

Previous studies demonstrate that rapid induction of anaesthesia 
with sevoflurane at maximal initial ınspired concentrations of 8% 
can be achieved. Mean time to loss of consciousness of 1 min 12 s 
was observed.’ 

Underperformance of vaporizers will lead to’ prolonged 
inhalational mduction. In paediatric patients, effects such as 
excessive salivation, arrhythmias and laryngospasm may be 
observed. We feel this is an important clinical issue. 
Anaesthetists need to be alerted to poor performance of 
equipment, particularly when the variation in performance is 
outside the limits most would find acceptable. Manufacturers need 
to address such performance problems, which may be related to 
poor temperature compensation with a change in flow rate. Our 
supplier has kindly agreed to replace all the sevoflurane vaporizers 
in the institution with those of a more acceptable performance 
characteristic. 


N. A. MclIlree 
S. Sireau 

S. Jaggar 
London, UK 


I Carvalho B, Sanders D. The output of two sevoflurane vaporizers In 
the presence of helium. Br { Anaesth 2002; 88: 711-13 

2 Sigston PE, Jenkins AM, Jackson EA, Sury MR, Mackersie AM, Hatch 
Dj, Rapid inhalation induction in children: 8% sevoflurane compared 
with 5% halothane. Br J Anaesth 1997; 78: 362-5 

3 Nielsen J, Pedersen FM, Knudsen F, Jensen MB, Ibsen M. Accuracy of 
94 anaesthetic agent vaporrzers In clinical use. Br J Anaesth 1993; 71: 
453-7 

4 Seropian MA, Robins B. Smaller-than-expected sevoflurane 
concentrations using the Sevotec 5 vaporizer at low fill states and 
high fresh gas flows. Anesth Analg 2000, 91. 834-6 


Propofol as an antiarrhythmic 


Editor—I disagree with Kannan and Sherwood’s interpretation of 
the electrocardiograms contained in their case report." They state 
that adenosine transiently converted a supraventricular tachycar- 
dia (SVT) to atrial flutter with a ventricular rate of 60 beats min“, 
which then reverted to SVT. Might I suggest that the original 
rhythm was atrial flutter with 2 to 1 atrioventricular block, and 
that the administration of adenosine simply induced a transient 
increase in atnoventricular block, thus unmasking the flutter 
waves. This response is a useful clinical test for distinguishing 


between atrial flutter with 2 to 1 block, which is unresponsive to 
adenosine, and ‘true’ SVT (atrioventricular nodal re-entrant 
tachycardia and atrioventncular re-entrant tachycardia) which is 
usually terminated by adenosine administration. 


N. J. Morgan-Hughes 
Sheffield, UK 


Editor—I read with interest the case report by Kannan and 
Sherwood' who stated that administranon of propofol was 
associated with termination of a supraventricular tachycardia 
(SVT). They were surprised that this effect ın adults had not been 
reported previously ın the literature. I would like to add to the 
discussion by reporting a case of propofol reverting a case of 
ventricular tachycardia (VT) to sinus rhythm. 

A 76-yr-old man was admitted with shortness of breath and 
palpitations. He was known to have ischaemic heart disease and 
chronic renal impairment with secondary anaemia. He had had a 
DDD pacemaker inserted some years previously for first-degree 
heart block and left bundle branch block. His medications 
included amiodarone, lisinopril, isosorbide mononitrate, fruse- 
mide, bisoprolol, aspirin, and warfarin. Three days later he was 
transferred to the coronary care unit after an episode of VT 
(pacemaker not capturing), which was successfully direct current 
(DC) cardioverted. The following day, he again went into VT (no 
pacemaker capture) with associated hypotension. Preparation was 
made for DC cardioversion. The patient had not eaten or drunk in 
the preceding 8 h, which avoided the need for a rapid sequence 
induction. After preoxygenation, anaesthesia was induced by slow 
titration of propofol and after approximately 150 mg, it was 
noticed that the rhythm had converted to sinus (pacemaker 
capturing) with improvement in the arterial pressure. He remained 
in paced sinus rhythm for over 24 h but subsequently continued to 
have runs of VT that were unresponsive to medical therapy He 
was therefore referred for insertion of an automated implantable 
cardioversion device. 

Kannan and Sherwood! have highlighted several proposed 
mechanisms, direct and indirect, for the action of propofol in 
terminating SVT. Pires and colleagues* examined the effects of 
propofol in pig hearts and concluded that propofol caused dose- 
related depression of the sinus node and the His—Purkinje system, 
but had no effect on the atnoventricular node. The exact 
mechanism of cardioversion in my case is unclear. Other 
antiarrhythmic functions of propofol are noted in a report by 
Muro and colleagues,’ who described three patients with fast atrial 
fibrillation (AF) needing DC cardioversion. All were given 
propofol for sedation pre-shock and all converted to sinus rhythm 
after 1ts administration. 


R. M. Heames 
Basingstoke, UK 


Editor—Drs Kannan and Sherwood describe an interesting case of 
the possible conversion of a supraventricular tachycardia (SVT) to 
sinus rhythm by propofol.! They state that the 12-lead ECG on 
presentation (unfortunately not published in their article) was 
‘suggestive’ of an SVT. However, the published rhythm strip (lead 
11) would appear to support the alternative diagnosis of atrial 
flutter with 2:1 block. The failure of adenosine to convert this 
arrhythmia to sinus rhythm (a rare occurrence with SVT), and its 
apparent transient conversion to atrial flutter with 4:1 block might 
also support this alternative, especially when considering the 
predictable effect of adenosine upon AV nodal conduction. Atrial 
flutter may convert to sinus rhythm spontaneously, or following 
manoeuvres that create a Valsalva effect. Perhaps good preoxy- 
genation with a tight fitting mask followed by cricoid pressure 
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created these conditions? Propofol may have had some effect in 
converting atrial flutter in this patient to sinus rhythm but I do not 
think that we can be certain from the information provided by 
Kannan and Sherwood. 


H. Hack 
Manchester, UK 


Editor—We would like to thank Drs Morgan-Hughes, Heames and 
Hack for taking an interest in our case report. We agree, in 
retrospect, that the onginal rhythm ın our patient was atrial flutter 
with an atrioventricular conduction block. A definitive diagnosis 
before the administration of adenosine was hindered by the 
varying ventricular rates. Hence, we had used the term ‘rhythm 
suggestive of supra ventricular tachycardia (SVT)’ in our case 
report descmption. Although adenosine unmasks atrial flutter by 
prolonging atrioventricular nodal conduction, it can rarely induce 
atrial flutter in patients with paroxysmal SVT and vice versa.*> 
Since it is less likely that a given patient would have two different 
types of supraventricular arrhythmias at different points in time, a 
more appropriate title would have been ‘Termination of atrial 
flutter by propofol’. Interestingly, atnal flutter has been classified 
as a form of SVT.° In spite of what we thought was an extensive 
search of the literature, we failed to identify the reported cases of 
termination of atrial fibrillation with propofol.? We would like to 
thank Dr Heames for bringing them to our attention. His report of 
termination of ventricular tachycardia with propofol 1s interesting. 
It is not clear which anaesthetic the patient received for the first 
cardioversion. If the patient had received propofol for the same, it 
obviously did not terminate the rhythm at that instance. As for its 
effect on atrioventricular node conduction, Alphin and colleagues’ 
have demonstrated that propofol slows atrioventricular conduction 
time in a concentration-dependent manner in guinea-pigs. 


S. Kannan 
N. Sherwood 
‘Birmingham, UK 


Kannan S, Sherwood N. Termination of supraventricular tachycardia 
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Cardiology 1996, 87: 319-24 
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Successful defibrillation in the prone position 


Editor—We read Miranda and Newton’s’ case report of 
‘Successful defibrillation in the prone position’ with interest. 
We wish to add some important recommendations to those made 


in the discussion. As the authors emphasize, the primary objective 
for the treatment of ventricular fibrillation (VF) is early 
defibrillation. The probability of successful defibrillation and 
subsequent survival to hospital discharge is inversely related to 
the time interval between onset of VF and delivery of the first 
shock.? When ventricular fibrillation occurs in the prone position, 
whether in the operating theatre or the intensive care unit, there 
are both theoretical concerns and practical strategies that may 
improve the success of defibrillation therapy, if applied clinically. 

Defibrillation is accomplished by passage of sufficient electric 
current (amperes) through the heart. The energy chosen (joules) 
and the transthoracic impedance (ohms), or resistance to current 
flow, , determine the current flow. Factors that determine 
transthoracic impedance include energy selected, electrode size, 
paddle-skin coupling materal, number of and time interval 
between previous shocks, phase of ventilation, distance between 
electrodes (size of the chest), and paddle electrode pressure.” 

In theory, electrode pads (or paddles) should be positioned to 
minimize transthoracic impedance and incorporate as much of the 
fibrillating myocardium between the defibrillating electrodes as 
possible. This was the rationale used by Lown’ to advocate the 
anterior—posterior positions for transthoracic cardioversion of 
atrial fibrillation. Thus, a critical mass of myocardium is more 
likely to be defibrillated. In the prone position the heart 1s 
displaced anteriorly, and positioning electrodes in the left 
posterior axilla and below the right scapula may not provide an 
adequate vector for shock delivery. Furthermore, the transthoracic 
impedance will be greatly increased, especially during positive 
pressure ventilation with positive end-expiratory pressure. 

Whilst the prone patient is not easily moved to the supine 
position, especially in the neurosurgical setting, it may be 
relatively simple to manoeuvre the patient sufficiently to allow 
application of electrode pads (as opposed to defibrillator paddles) 
to the standard apical and right infraclavicular regions. This will 
allow a shock to be delivered across a more appropriate vector. If 
this is not possible, defibrillation with an impedance compensating 
device (now commonplace in cardiology departments), which 
delivers a truncated-exponential biphasic shock, would be the best 
option for the suboptimal prone position. Indeed, even in the out- 
of-hospital cardiac arrest scenario, Schneider and colleagues* 
demonstrated three sequential 150 J shocks to be 98% successful 
in electrical cardioversion of VF using standard electrode 
positioning with an impedance compensated, biphasic waveform 
(96% were successfully defibnllated with the first shock). 
Defibrillation should be carried out in expiration without positive 
end-expiratory pressure, to further minimize transthoracic im- 
pedance. We propose that consideration should be given to the use 
of these strategies and also to the availability, in close proximity 
to prone patients, of both electrode pads in addition to standard 
defibrillation paddles and the modern generation of impedance- 
compensating defibrillators. It may also be prudent to attach 
electrode pads to intensive care patients, who are at a high risk of 
ventricular arrhythmias, before turning them prone. The eventual 
strategy employed by the attending physician for the treatment of 
VF in the prone position will be a balance between the time taken 
to achieve optimal defibrillation and the concerns discussed 
above. 


S. J. Walsh 
A. Bedi 
Belfast, UK 


Editor—Thank you for the opportunity to reply to Bedi and Walsh. 
They propose several strategies which may improve the chances 
of successful defibrillation in the prone position. We agree that, in 
the prone position, electrode pads may be easier to apply than 
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defibrillator paddles to the standard apical and nght infraclavi- 
cular regions. In the situation we described, however, electrode 
pads were not available. We also agree that the timing of 
defibrillation in relation to respiration, as well as the use of 
impedance compensating devices, would improve the chances 
of successful defibrillation by reducing thoracic impedance. 


C. Miranda 
London, UK 


l Miranda CC, Newton MC. Successful defibrillation in the prone 
position Br J Anaesth 2001; 87: 937-8 

2 ECC Guidelines: Part 6: Advanced Cardiovascular Life Support. 
Section 2: Defibrillation Cirastation 2000; 102 [Suppl I}: |-864-89 

3 Lown B Electrical reversion of cardiac arrhythmias. Br Heart J 1967; 
29: 469-89 

4 Schneider T, Martens PR, Hans P, et al. Mulucenter, randommed, 
controlled trial of 150-] biphasic shocks compared with 200- to 360-] 
monophasic shocks in the resuscitation of out-of-hospital cardiac 
arrest victims. Circulation 2000; 102: 1780-7 


Pencil point spinal needles and neurological 
damage 


Editor—The editorial by Fettes and Wildsmuith’ discusses the 
important issue of neurological damage after spınal anaesthesia 
with pencil point needles. They mention several factors about 
these needles and how these may predispose to neurological 
damage. I would like to comment on three of the four points they 
make ın the section on equipment. 

Their first point is that pencil point needles require to be 
inserted for a greater length because the needle orifice is situated 
approximately 1 mm proximal from the tip. Whilst the latter is 
true, there is no evidence of the former. We performed a pilot trial, 
which did not support this point (see below). 

Their third point was that pencil point needles may require a 
slightly greater force to advance and that this may predispose to 
‘overshoot’ and risk neurological damage. An m vitro study 
comparing 25 gauge Becton Dickinson Whitacre and Quincke 
spinal needles, showed that a threefold increase in force (0.12 kg) 
was required to puncture bovine dura mater with the former 
compared to the latter (0.04 kg).? It would be logical to presume 
that greater force is required to advance pencil point needles 
through the other tissues in the back. The risk of ‘overshoot’ 
depends on how the force is applied; if it is applied in a controlled 
manner, there should be no overshoot. 

Their fourth point concerned ‘tenting’ of the dura. Tenting of 
the dura does occur before puncture. Spinaloscopy in a system 
open to atmospheric pressure (cadaver dissection) has shown that 
the dura ‘tents’ and then retracts to its original position after 
needle puncture. This occurs with both types of needle tip but is 
more pronounced with a pencil point tip.” The normal practice of 
spinal anaesthesia, however, occurs in a system which is ‘closed’ 
to atmospheric pressure. 

We studied epidural pressures and distance to dural puncture in 
patients undergoing subarachnoid anaesthesia performed either 
with a Whitacre (pencil point) 25G or Quincke 25G spinal 
needle * The subarachnoid depth and dural tenting was similar in 
both groups, implying that a Whitacre needle 1s not inserted closer 
to the spinal cord. However, the median (95% CI) pressure 
recorded just prior to dural puncture was significantly more 


negative in the Whitacre group (32 (-52 to -10 mm Hg) vs -2.5 
(-10 to 5.5 mm Hg, P<0.02 in the Quincke group)). The higher 
pressure gradient would favour retraction of the dura back to its 
original position even more than in the ‘open’ system. This would 
obviate the need to advance the needle further to ensure the orifice 
is entirely within the subarachnoid space. 

The production of a greater negative epidural pressure with the 
Whitacre needle generates the higher force required to puncture 
the dura and also limits the distance of tenting, which therefore 
limits the distance of the needle to the neural tissue. This would 
not be the situation in an ‘open’ system, such as the needle 
through the needle combined spinal epidural technique, where the 
negative pressure would not be generated. 

Our study involved only a small number of patients and we were 
only able to measure distances as small as 0.5 mm.* However, we 
concluded that in a ‘closed’ spinal anaesthetic technique, there is no 
evidence that pencil point needles require to be inserted any further 
than Quincke needles. Therefore they should not predispose to any 
increased contact with the neural tissues. 


M. G Serpell 
Glasgow, UK 


Editor—We thank Dr Serpell for his interest in our edıtorial.! 
Much of the editorial was based on first principle analysis; data 
are always to be preferred if they are available, but those data 
must be accurate. 

Dr Serpell disagrees with our view that it is necessary to insert 
more of a ‘pencil’ point needle into the subarachnoid space than a 
standard Quincke point, the basis for this being a study with ‘a 
small number of patients’, published only ın abstract form 5 yr 
ago.* Reviewing that abstract, we found that changes in the 
pressure recorded from the needle as ıt was advanced through the 
ligaments were used to identify key anatomical landmarks (e.g. 
the point of moving from the ligamentum flavum into the epidural 
space). The length of needle remaining outside the patient was 
measured at each stage by some unidentified method. This strikes 
us as a less than reliable technique because it makes assumptions 
about the meaning of the pressure changes recorded as the needle 
moves forward, and appears to take no account of skin ‘tethering’ 
as it does so. Dr Serpell admits to being able to measure distances 
no smaller than 0.5 mm, and we wonder about even that accuracy 
given the methodology. In addition, it 1s important to recognize 
that the side port of the Whitacre needle will mean that 
approximately 1 mm of needle will be inserted into each space 
before a pressure change is observed (whereas it will be much less 
than this with the Quincke needle). Perhaps confirming our 
concerns about the method, the data presented in the abstract are 
for only 10 out of 16 ‘Whitacre’, and 9 out of 12 ‘Quincke’ 
patients because of inability to identify two out of the four key 
landmarks. 

The actual measurement of epidural pressure is more 
straightforward, and we note that Serpell* found a statistically 
significantly greater decrease ın pressure as the Whitacre needle 
was advanced. It is now well recognized that much of the negative 
pressure identified in the epidural space is due to dural tenting as 
the needle is advanced,’ so a greater decrease in pressure would, 
to us, suggest that the needle has been inserted further, even 
before the dura has been breached. Serpell’s analysis of the 
differences in the dynamics of pressure change with the two 
different needles ıs not sustainable given the problems with the 
measurement of distance. 

Finally, we are grateful to Dr Serpell for providing additional 
evidence that the force needed to insert a ‘pencil’ point needle is 
greater.” He argues that the risk of overshoot depends on how 
well controlled 1s the force used to insert the needle, but the real 
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issue is that the greater the force needed, the greater the risk of of the force required for dural puncture with different spinal needles 
overshoot, especially ın mexperienced hands. That is one of our and subsequent leakage of cerebrospinal fluid Anesth Analg 1994, 79- 
main concerns. 769-72 
3 Mollmann M. Dural trauma, audiovisual presentation Presented on 
P. D. W. Fettes September 9, [993 at the [2th Annual European Society for Regional 
J. A. W. Wildsmith Anaesthesia, Dublin, Ireland 
Dundee, UK 4 Anderson L, Marshall S, Brydon C, Serpell MG Comparison of dural 
indenting between Whitacre and Quincke upped spina! needles Br f 
| Fettes PDW, Wildsmith JAW Somebody else’s nervous system Br f Anaesth 1997, 78. 468-9P 
Anaesth 2002; 88: 760-3 5 Arkenhead AR, Hothersall AP, Gilmour DG, Ledingham IM Dural 
2 Westbrook JL, Uncles DR, Todd Sitzman B, Carne LES. Comparison dimpling in the dog, Anaesthesia 1979, 34: 14-19 
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Pulse Oximetry, 2nd Edn. J. T. B. Moyle. Published by BMJ 
Books, London. Pp. 182; indexed; illustrated Price £19.95. ISBN 
0-7279-1740-4. 


This publication reviews in 12 chapters, the history, technical 
aspects, clinical applications, and limitations of pulse oximetry. 
This second edition contains a new chapter, on pulse oximetry at 
high altitude, that includes its use during aircraft flying. 

The books gets off to a ‘bumpy’ start. In the very first sentence, 
the name of the town where Lambert published his description of 
the relationship between the absorption of light and the amount of 
absorbent 1s misspelled as ‘Augsberg’ instead of ‘Augsburg’. 
Admittedly, except for this reviewer who happens to be German, 
who actually cares? But how about the following sentence? It lists 
1853 as the year of birth of August Beer, and then lists 1851—two 
years before his birth—as the year in which Beer published 
findings that are now known as the ‘Beer—Lambert law’. The 
simple explanation for the obvious error 1s that Beer did not live 
(as listed) from 1853-1932, but from 1825—1863. One wonders 
how this could possibly have escaped editorial scrutiny. After 
such ‘preconditioning’, I was prepared for the worst. However, 
very rapidly it became apparent that, if anything, a characteristic 
of this book is its lack of errors. On a personal note, this 1s one of 
the rare publications where German language references are 
quoted without the usual numerous misspellings. 

The first chapter deals very briefly with the history of pulse 
oximetry. The following chapters on ‘Optical principles’ and on 
‘How pulse oximetry works’ are very informative, to the point, 
and of clinical relevance. The latter chapter includes a description 
of methods used to eliminate artefacts, and of the use of pulse 
oximetry with the magnetic resonance imaging scanner. We are 
reminded that many pulse oximeters calculate the ratio of the 
amplitude of the components of red and infrared signals and apply 
1t to a table that relates this ratio to a specific oxygen saturation 
value, resulting in Spo, Those who are particularly interested in 
the historical or technical aspects of pulse oximetry might well 
regard the depth of coverage of this topic as inadequate. 

The chapter on ‘Calibration’ emphasizes that pulse oximetry 
indicates a value, referred to as Spo, that is best described as 
‘oxygen saturation as measured by pulse oximetry’. Problems 
associated with the need for in vivo calibration, and attempts at 
producing devices that allow in vitro cahbration are discussed. 
The importance of the plethysmogram is underlined by the chapter 
on ‘Photoplethysmography’ ‘Physiology of oxygen transport’ 1s a 
concise review of the subject. It is followed by ‘Pulse oximetry at 
high altitude’, which provides interesting information of clinical 
relevance. 

The main emphasis of the book is clearly placed on the general 
and specific clinical applications of pulse oximetry. The chapter 
on ‘General clinical applications’ starts with the statement that 
‘the clinical applications of pulse oximetry in medicine are as 
important as oxygen to life’, and finishes with ‘...pulse oximetry 
should form part of any clinical investigation where there 1s the 
remotest risk of hypoxaemia’. Although these may seem lke 
overstatements, the author’s opmion is based on numerous 
findings that hypoxaemic episodes are frequently precursors of 
pathological events. 

I have mixed feelings about the chapter on ‘Specific clinical 
applications’, the most extensive of all (49 pages, 126 references). 
It lists numerous areas where pulse oximetry has been applied 
(emergency medicine, anaesthesia, postoperative recovery, endo- 
scopy, dentistry and oral surgery, sleep apnoea, neonatology). On 


the one hand, it provides some important messages, such as ‘It 
cannot be emphasised enough that pulse oximetry can be safely 
used only if the limitations of the technique are realized by all 
users’. The discussion on why Spo, often correlates poorly with 
Pao, in the plasma of newborns 1s very useful and clinically 
relevant. On the other hand, the descnptions of aetiology, 
pathology, anatomy, and even treatment of various conditions 
are (in this context) excessively detailed and out of context. I 
doubt that those who buy a book entitled ‘Pulse oximetry’ are 
particularly interested in information that ıs more appropriate in 
medical texts. All in all, this chapter makes for somewhat tedious 
reading. 

The chapter on ‘Limitations and morbidity’ contains interesting 
information, but has itself some limitations. The value of the 
statement that ‘physiological dyes...when admunistered mtrave- 
nously as a bolus, cause inaccuracy in Spo, readings’ is limited 
because the type of maccuracy (i.e. over- or underestimation) is 
not detailed. Similarly, it ıs stated that some pulse oximeters show 
a slower response time than others, but actual values are not listed. 
Although indirectly implied, I missed a clear statement that the 
pulse oximeter will report 100% saturation, whether the Pao, is 
150, 300 or 600 mm Hg. 

In the chapter on ‘Dyshaemoglobins’ we are reminded that 
conventional pulse oximeters are calibrated only for adult 
haemoglobin. The discussion on the effect of carboxyhaemoglo- 
bin on pulse oximetry 1s useful and informative. The author’s 
statement that ‘Pulse oximetry should never be used with patients 
who are known to have inhaled carbon monoxide or been involved 
in any conflagration’ might be considered somewhat extreme. I 
would have been interested in any possible effect of haemoglobin 
replacement solution on pulse oximetry. The book finishes with a 
brief chapter on ‘Fetal pulse oximetry’. 

Is this publication up-to-date? The revised first edition was 
published in 1998. Of approximately 320 references, a mere 40 
(13%) have been published since 1996. It is noteworthy that in the 
largest chapter on the specific clinical applications of pulse 
oximetry with a total of 126 references, the latest publications 
(and there are only two) are from 1997. Does this umply that most 
has been said on this topic and that there is no longer any progress 
in this area? 

For anaesthetists and intensivists, statements like ‘Normal 
oxygen saturation as indicated by any oximeter does not 
necessarily rule out hyperventilation’ (p 81), seem trivial. I doubt 
that many are prepared to follow the recommendation that ‘during 
the acute phase of an exacerbation (of chronic obstructive 
pulmonary disease, personal comment) it may be necessary to 
infuse a respiratory stumulant such as doxapram intravenously as a 
form of respiratory drive’ (p.84). For an anaesthetist, it is 
surprising that two large, randomized evaluations of pulse 
oximetry in more than 20 000 patients’ * have not been mentioned 
in a publication on pulse oximetry. 

When I was introduced to pulse oximetry, I remember the initial 
difficulties in memorizing the correlation between oxygen 
saturation and Pao, values. What a help it was when I learned 
about the ‘30/30’ rule(s) of thumb, which state(s) that saturation 
values of 90, 85 and 80% correspond roughly to Pag, values of 60, 
55 and 50 mm Hg respectively, and a saturation value of 30% 
corresponds roughly to a Pao, of 30 mm Hg. I have missed this 
very useful practical advice in this publication. 

These are all minor criticisms that do not distract from the 
overall value of this publication. All in all, it is well written, 
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provides clinically useful information, and I enjoyed reading it. It 

represents reasonable value for money. Nevertheless, I think that 

this is a publication for a departmental library rather than for 
individual purchase. 

H.-J. Priebe 

Freiburg, Germany 


I Moller JT, Pendersen T, Rasmussen LS, et al. Randomized 
evaluation of pulse oximetry in 20,802 patients: |. Design, 
demography, pulse oximetry failure rate, and overall 
complication rate. Anesthesiology 1993; 78: 436-44 

2 Moller JT, Johannessen NW, Espersen K, et al. Randomized 
evaluation of pulse oxmetry in 20,802 patients: Il. Perioperative 
events and postoperative complications. Anesthesiology 1993; 78: 
445-53 


Anaesthesia for the High Risk Patient. 1. McConachie (editor). 
Published by Greenwich Medical Media, London. Pp. 265; 
indexed. Price £22.50, ISBN 1-84110-072-2. 


Anaesthesia for the High Risk Patient is a small volume that is 
edited by I. McConachie from the Blackpool Victoria Hospital, 
UK with contributions from his anaesthetic colleagues, and from 
cardiologists and the acute pain service in Blackpool. 

The book is aimed at a wide readership of anaesthetists (both 
trainees and consultants), surgeons and intensivists who may be 
involved in the management of the high-risk patient. The book 
aims to provide practical advice on the management of such 
patients presenting for surgery It 1s supported by background 
information and references to enable the reader to understand the 
evidence base behind the advice on the assessment, anaesthetic 
and’ perioperative management of these patients. 

The information is grouped into 17 chapters covering a wide 
variety of areas such as: identification of high-risk patients and the 
scoring systems used to assess them; lessons to be learnt from the 
NCEPOD reports; problems with elderly patients; and problems 
with patients with underlying cardiac, renal or respiratory disease. 
There are chapters on admission criteria to intensive care and 
high-dependency units, as well as the management of patients for 
emergency aortic aneurysm surgery. 

The advice given is backed up with references from both 
anaesthetic and surgical journals as well as extracts from reports 
produced by the Royal Colleges. Much of the ınformation 1s 
current, with some of the references coming from work published 
as recently as 2001. There are also references made to Department 
of Health publications such as the National Service Framework for, 
Coronary Heart Disease. Each chapter contains suggestions for 
further reading which point the reader to definitive articles in the 
literature on subjects covered in the chapters. There are also 
references highlighting controversies within certain subjects. 

Some of the advice given may be seen as controversial, such as 
the suggestion of using ketamine in shocked patients and the use 
of remifentanil for laparotomies. But references are given to 
support the arguments. There are points that put to rest some 
myths held by surgeons, such as that neostigmine can cause 
anastomotic breakdown in patients undergoing bowel surgery. 
However, the surgical factors that may cause anastomotic 
breakdown are clearly listed. Much of the information given is 
both useful and relevant such as the morbidity and mortality 
figures for patients with various conditions. Such data enable one 
to discuss the risks and benefits of surgery with both surgeons and 
patients, or patients’ relatives. 


The information is easily accessible, being presented in a 
readable and concise style with the use of headings and bullet 
points throughout. The information in the chapters follows a 
logical sequence with practical advice followed by background 
information. 

In summary, this ıs an interesting and useful book that will 
appeal to a wide readership. The information contained will make 
it a useful reference for both consultants and trainees involved in 
the management of high-risk patients It will also make a useful 
revision aid, covering high-risk patient management for candi- 
dates sitting the Fellowship examination. 

J. M. King 
Stoke-on-Trent, UK 


Spinal Cord Injury Pain: Assessment, Mechanisms, and 
Management. R. P. Yersierski and K. J. Burchiel (editors). 
Published by IASP Press, Seattle. Pp. 443; indexed; illustrated 
Price $89 (ASP members $67). ISBN 0-931092-43-4 


This International Association for the Study of Pain (ASP) 
publication represents another volume in the series ‘Progress in 
Pain Research and Management’ which brings into the focus the 
problem of chronic neuropathic pain after spinal cord injury (SCI). 
It used to be regarded as a clinical entity suitable for psychiatric 
referrals, and contributors state at various points that there has 
been little therapeutic advance in this realm in the last 50 yr. 
Stumulated by their awareness of this, IASP had formed a task 
force in 1997 resulting in the 3rd Research Symposium in 2001, 
which is crystallized in the present volume. There are 46 
contributors from the USA, eight from Scandinavia and Dr 
Siddall from Sydney, Australia. All bar two chapters draw directly 
on work on SCI and four chapters present work not previously 
published. 

The mood conveyed is now one of greater optimism for the 
future; there is even talk of genetically engineered cellular 
delivery systems which may allow the chronic pain of SCI to be 
one of its first curable dysfunctions. However, such a statement 
taken out of context belies the complexity of SCI pain, which 
together with its unpredictability has bedevilled systematic 
progress in research and treatment and no adequately sized 
controlled clinical trials have been published. 

Clinical characteristics and assessment are covered ın Part I ın 
82 pages, with a particular focus in Chapter 1 on the need for an 
internationally agreed taxonomy. In tier one of this classification 
there is a broad grouping of pain into nociceptive and neuropathic 
pain. Tier two comprehends ‘above-level’, ‘at-level’ and ‘below- 
level’ pain within the latter category, whilst the more easily 
managed musculoskeletal and visceral pain are in place in the 
former category. The latter, although common in SCI, are not 
explored further in the book. Tier two is subdivided into tier three 
for specific structures and pathology. 

Strengths and weaknesses of the 28 already published 
classifications of SCI pain are reviewed in the second chapter, 
which endorses the proposed new taxonomy if combined with full 
psychometric and psychosocial evaluation. 

The second part in 176 pages covers experimental work with 
data from both animal and human studies. Findings generally 
confirm that a principle condition for the development of central 
“‘below-level’ pain 1s the interruption of the spinothalamic tracts 
bearing thermal and normal pain sensations, but the role of dorsal 
column sensory input in neuropathic pain is less clear. Loss of 
grey matter is likely to be important in addition to loss of white 
matter and sprouting from Rexed lamina I into II is evident after 
transection. More centrally, microelectrode studies in a small 
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number of SCI patients during ablation of the thalamus’ principle 
sensory nucleus, the ventral caudal nucleus, show a number of 
changes when compared with patients bemg treated for movement 
disorders. Changes demonstrable cortically at the level of the 
cingulate gurus and insula may serve to perpetuate established 
pain. The third section on ‘Imaging’ concludes with work on the 
operative treatment of painful syringomyelia with fetal spinal cord 
graft tissue, It was found that any reduction in pain could usually 
be related to the cyst regression on follow-up imaging, but the 
technique 1s demanding, considering the total extent of the syrinx 
in some cases. 

The fourth part has seven chapters devoted to treatment, with an 
excellent introduction by Haythornthwaite and Wegener on the 
difficulties of SCI pain trials. Apart from the factors already 
discussed above, additional constraints anse from. limitations in 
mobility; long travel distances; tendency for exacerbations to 
occur prior to initial consultations; the unreliablility of a lidocaine 
infusion as a predictor; whether or not to dichotomize the 
outcome, for instance more or less than 50% pain relief; and 
inclusion in some past studies of patients with low initial pain 
levels. Ther recommendations are for multiple baseline assess- 
ments, use of active placebos consistently, multiple measures of 
outcome, an intention to treat analysis and the need for 
multicentre trials to achieve the 500 patients required in each 
treatment group. 

There follows a review by Finnerup of the ten pharmacological 
trials which fulfil the cnteria of being randomized, double-blind, 
and placebo-controlled, though no trial has more than 30 patients, 
and only half of these trials concerned oral agents. Trazodone was 
the only representative in the antidepressant category and no oral 
therapy with the possible exception of lamotrigine has been shown 
to be effective. The presentation of the results of a pilot study of 
topiramate by Harden, however, are encouraging and the 
longitudinal studies of the success of gabapentin as part of 
combination therapy also ment further study. The final chapter in 
this section reviews the technique, benefits and complications of 
dorsal root entry zone coagulation, stressing the lack of effect of 
cordotomy of the spinal thalamic tracts 

The final chapter by the editors entitled Future Directions 
emphasizes the need for a mult-disciplinary and multi-component 
approach, and urges more longitudinal studies as well as multi- 
centre studies based upon agreed taxonomy. The scientific 
investigations also need to look at why some with SCI do not 
suffer pain, and future success in regenerative techniques for 
motor recovery will be blighted if it is accompanied by 
neuropathic pain. 

The book is an essential read for specialists in spinal cord care, 
for pain specialists in tertiary pain centres who may occasionally 
treat patients with SCI and for anyone who 1s interested in the 
fundamental mechanisms of neuropathic pain. 

J. W. H. Watt 
Southport, UK 


How to Survive in Anaesthesia, 2nd Edn. N Robinson and G. 
Hall. Published by BMJ Books, London. Pp. 191; undexed. Price 
£22.50. ISBN 0-7279-1683-1. 


Furst, read the preface: ‘If you are a tramed anaesthetist, you 
should not be reading this.’ So I did not, or at least I gave it first to 
one of our senior house officers, about to move to a specialist 
registrar post. She was complimentary and wrote thus: 


The first few months whizzed by in a blur of unfamiliar 
bleeping machines, alien numeric displays, and small 


multicoloured sticky labels on syringes which all looked 
the same except for the large milky one. When time was up 
and the reality of ‘gomg solo’ arnved, it was all a bit of a 
shock. Would I remember which was more appropriate: 
vecuronium or atracurium? Should I give midazolam at 
induction of anaesthesia? What was the correct gas flow 
setting for a circle system? Suddenly I wished I’d paid more 
attention in the previous few months.’ 

How to Survive in Anaesthesia is written exactly for that 
sort of person: the trainee anaesthetist embarking on that first 
year of anaesthesia. It does not deal with the finer points of 
anaesthesia and steers clear of confusing controversies (the 
nitrous/air debate 1s well and truly off limits), but it explains 
clearly the simple essential principles of safe anaesthesia 

There are three sections. The first covers the necessary 
preparation of oneself, the patient, and the anaesthetic 
machine and equipment. The second section covers 
emergencies, including a well-structured chapter on hae- 
morrhage and transfusion, as well as chapters on less 
common problems The third section—‘Passing the gas’— 
has separate chapters for the different surgical specialties, 
and covers all major types of surgery found in most district 
general hospitals. It explains the more common operations, 
their associated complications, and any anaesthetic modi- 
fications that may be expected or required. There are plenty 
of boxes highlighting important information. 

Thus book is definitely written by anaesthetists doing the 
job. It reads almost as if your consultant is there chatting you 
through the case—whuich is reassuring when you are about to 
face (or are in the middle of) a new and daunting situation. 
Although many of the topics are extremely serious (when is 
anaphylaxis ever funny?), the authors manage to use humour 
and to make it entertaining without losing sight of the 
important principles. It certainly achieves its aum: ‘to provide 
a concise readable text that will introduce the new trainee in 
anaesthesia to safe clinical practice’, and you cannot argue 
with that, when the book manages to explain diffusion 
hypoxia ın just three sentences comprising in total 55 words. 


Our senior house officer would have found the book helpful: 
would I have recommended it to her? Unequivocally yes. It is 
short, snappy and sensible. This is a second edition, and I hope it 
makes a third. It could be improved. The external jugular vein 
deserves mention as occasionally life-saving. The authors are 
explicitly not trying to teach basic science, but give the equations 
of soda-lime, yet gloss simplistically over the fresh gas 
requirements of rebreathing systems. Surely, monitoring the 
concentration of a volatile agent is now routine rather than 
specialized? While I agree that airway obstruction must always be 
excluded whenever there is low oxygen saturation, the commonest 
cause of a pulse oximetry alarm 1s that the probe has slipped off 
the finger. Mention is needed of the ‘twitchy’ appearance of 
patients whose neuromuscular block is not fully reversed. 

The writing is direct and no-nonsense, but the authors are too 
fond of the vogue word ‘mandatory’. Senior house officers do 
need telling what must be done, but the better word is essential or 
(as in italics on p. 43) imperative. It is imperative that airway 
pressures be monitored during mechanical ventilation, but it is 
mandatory—required by law—that operative deaths are reported 
to the coroner. Which brings me to the book’s only major 
omission’ advice on how to handle disasters, especially death on 
the operating table. If not given support, trainee anaesthetists can 
be destroyed by this. 

S. Pickard and N. W Goodman 
Bristol, UK 
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Notable Names in Anaesthesia. J. Roger Maltby (editor). 
Published by The Royal Society of Medicine Press Ltd, 
London. Pp. 254; indexed; illustrated. Price £19.50. ISBN 
1-85315-512-8. 


The editor recalls in his preface that as a medical student he and 
his colleagues were often asked for more detail if they mentioned 
an eponym (e.g. Langenbeck, Trendelenburg), and no doubt many 
of us had similar experience. In Maltby’s case, the interest 
persisted Many years later, looking up Bailey and Bishop’s 
Notable Names in Medicine he found that there were no 
eponymous anaesthetists, and he has tried to fill the void. 

There are 76 short portraits, usually three or four pages long, 
accompanied by passport-type photographs of the subjects and 
three recommendations for further reading. Names such as Magill, 
Hartmann, Sellick and Bier that anaesthetists may use daily are all 
there, together with those who invented equipment or techniques 
or are associated with major advances. Some of course are not 
anaesthetists (Bier, Esmarch, Mapleson). More than a dozen of the 
subjects have written their own accounts, and there are a few 
others who have supplied information, but otherwise the editor has 
written the chapters himself. 

He has not discussed the question of what it is that separates the 
inventive personality from the everyday practitioner, but most of 
the names were solving problems, seeking improvements, 
applying the fruits of research, or even following up an idea 
from conversation. Virginia Apgar’s scoring system arose from a 
breakfast discussion with medical students. The stimulus for the 
development of Rubens’ valve and self-inflating bag was a Danish 
truck-drivers’ strike which threatened the supply of oxygen. In 
some cases, there is evidence of determination m overcoming 
obstacles to qualification in medicine. The English pioneer John 
Snow walked 200 miles from York to London to enrol at the 
Hunterian School of Medicine. Bonica’s father died when he was 


young, and Bonica earned money as a professional wrestler to pay 
his way through medical school. Waters supplemented his income 
by working as a hospital orderly, which the editor suggests may 
have informed his common sense attitude. By contrast, Kaye ın 
Australia had private means which enabled him to work full-time 
ın anaesthesia. 

Some of the subjects here, not unlike the scientific polymaths of 
the seventeenth to the nineteenth centuries, could boast achieve- 
ments in other fields. Brain had an Oxford degree in modern 
languages and literature before moving to science, and Fink could 
speak seven languages. Both Apgar and Guedel were gifted 
musicians of professional standard, the latter despite losing three 
fingers of his right hand in an accident at the age of 13 yr. Bier 
planted 750 hectares of mixed forest at Sauen in Germany which 
is now a place of pilgrimage for ecologists. 

Those are only a few examples of the interesting details in the 
lives of exceptional people Inevitably, some are of larger 
significance than others, and some will be less known on one or 
other side of the Atlantic Ocean. The editor expects disagreement 
on the selections and omissions Although he has nothing named 
after him, it is a bit disappointing that Ibsen and the polio 
epidemic of 1952 are not mentioned. This demonstrated the 
therapeutic possibilities of long-term artificial ventilation of the 
lungs, and was the start of the pathway to the intensive therapy 
unit. 

Although the editor does not claim to have written a history of 
anaesthesia, the book of course is packed with historical 
information. It is imaginative in concept and successful in 
execution. Buy it, dip into it, and enjoy it. 


P. M. E. Drury 
Liverpool, UK 
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$211 million, was completed in 1999. The project included a new chil- 
dren's hospital, a women and infants’ hospital, an imaging center, two 
parking garages, a student union with a conference center, an addition to 
the School of Nursing and a new building for the School of Health Related 
Professions. A 92-bed adult critical care hospital opened last year. A $124 
million building project is underway. This includes a new 256-bed adult 
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DEPARTMENT OF ANESTHESIOLOGY 


The University of Mississippi Medical Center is seeking nominations and 
applications for the position of professor and chair of the Department 
of Anesthesiology. 


The University Medical Center, the state’s only heaith sciences campus, 
houses the Schools of Medicine, Nursing, Health Related Professions, 
Dentistry, and Graduate Studies in the Health Sciences. The campus is the 
site of a 722-bed university hospital, and there are several clinics on and 
adjacent to the campus. Inpatients approximate 27,000 annually, and 
there are more than 418,000 outpatient and emergency visits every year. 


The Department of Anesthesiology has 18 full-time and two part-time 
faculty members. The departments divisions include cardiothoracic 
anesthesia, neuro-anesthesia, pediatric anesthesia, regional anesthesia, 
obstetrical anesthesia, and pain management. The Medical Center's 
faculty totals 776. 


The largest expansion project in the Medical Center's history, totaling 
$211 million, was completed in 1999, The project included a new chil- 
dren’s hospital, a women and infants’ hospital, an imaging center, two 
parking garages, a student union with a conference center, an addition to 
the School of Nursing and a new building for the School of Health Related 
Professions. A 92-bed adult critical care hospital opened last year. A $124 
million building project is underway. This includes a new 256-bed adult 
hospital with a capacity for expansion to 384 beds that will be completed 








in 2004, a new cancer institute, addition of an operating suite and ambu- 
latory surgery unit to the Children’s Hospital, a classroom building, and 
expansion of the Arthur C. Guyton Research Complex. 


The University Medical Center is located in Jackson, the state's capital. 
Jackson is at the crossroads of the south, located halfway between Atlanta 
and Dallas and New Orleans and Memphis. The tri-county, metropolitan 
area census is approximately 400,000, The city hosts a variety of arts 
attractions including the Mississippi Symphony, the Mississippi Opera, 
New Stage Theatre and the quadrennial International Ballet Competition. 
Recreational facilities include a 33,000-acre reservoir, just 15 minutes 
from the University Medical Center, numerous public tennis courts and 
golf courses, navigable waterways, and more than 2,650 acres of city 
parks and play grounds. 





Candidates for this position should have administrative experience and an 
exceptional background in teaching, research, and clinical service. 
Candidates should be nationally recognized in academic anesthesiology. 
Individuals must be eligible for medical licensure in Mississippi. 


Applications will be taken until the position is filled. Contact Dr. William 
W. Turner, Jr, Chair, Anesthesiology Advisory Committee, c/o Department 
of Surgery, University of Mississippi Medical Center, 2500 North State 
Street, Jackson, Mississippi 39216-4505. 
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The Fabius GS combines superior performance with ease of use. An electro 
controlled piston ventilator provides both volume control and true pressure 
control ventilation modes without weight or age restrictions. The revolutio 


user interface is simple, intuitive and allows the electronic capture of frest 
data for inclusion in a perioperative information system. Integrated equipm 
mounting rails and a unique CPU storage area allow the user to create th 


tailor-made ergonomic workstation. 


Fabius GS is one of three pillars of innovation that mark a revolutionary n 
chapter in Drager Medical’s anesthesia device technology 


The essence of anesthesia, 
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Editorial Notices 





Important Notice to Authors 


Electronic Submission of New Manuscripts to The British Journal of Anaesthesia 


Letters to the Editor and Book Reviews) be submitted electronically to the British Journal of Anaesthesia 
web site at: http://bja.manuscriptcentral.com 


Clear instructions for submission of new manuscripts are available on this web site. If these instructions 
are not adhered to, difficulty will be experienced in submitting new articles. For an interim period, 
manuscripts may also be submitted as hard copy to the Editor-in-Chief’s office. It is envisaged, however, 
that this arrangement will be discontinued by the end of 2003. 


| 
| 
| 
| 
| 
| Please note that, from January 2003, the Editorial team requests that all new manuscripts (excluding 
| 
| 
{ 
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Royal Medical Benevolent Fund 


President’s Christmas Message for 2002 

Readers of the British Journal of Anaesthesia, in recent 
years, have been generous in their response to the 
Christmas Appeal on behalf of the Royal Medical 
Benevolent Fund. 

As newly elected President of the Fund, I have seen the 
support it gives to those doctors and their dependants who 
are less fortunate than ourselves. Whether as a result of 
health problems, an unexpected family tragedy, or other 
reasons, there are all too many doctors and their families 
who are in great need—and never is that need more evident 
than at Christmas. 

Since 1870, the President of the Fund has made a Christmas 
appeal to those doctors in happier circumstances to help pro- 
vide a gift, or more usually, a little money. This helps to 
transform a cheerless Christmas into a very happy one, 
especially when children are involved, as they frequently are. 
Last year’s appeal raised some £74,000. Let us try to exceed 
this and establish a new record. Please consider sending a 
donation, preferably using gift aid, and help brighten 
Christmas 2002 for many needy colleagues and their 
dependants. Contributions marked ‘Christmas Appeal’ may 
be sent to the RMBF, 24 King’s Road, Wimbledon, London 
SW19 8QN or to the Treasury of your local guild of this Fund. 
Thank you. 

To those of you who may already have contributed—a very 
warm thank you. 


Royal Medical Benevolent Fund 


Are you a current or very recently retired doctor? Would 
you like to help colleagues less fortunate than yourself? 
Our recent cases include doctors who have suffered strokes, 
cancer, multiple sclerosis, paralysis after serious road 


Jennifer M. Hunter 
Editor-in-Chief 





accidents, blindness, schizophrenia, manic depression, 
dependency and the suicide of a partner. A growing 
number are junior doctors with limited pension entitlement 
and insurance cover. 


Do you have a few hours to help? 
Medical Liaison Officer 


The aim is to ensure doctors and their families in your area 
are aware of the financial help which may be available from 
the RMBF in time of crisis, and in particular to: 


@ Liaise with local hospitals, medical centres, medical 
societies and associations, to seek to ensure that doctors 
and their families are aware of the type of help the Fund 
may be able to provide. 

@ To provide information about the RMBF to any 
colleagues and their dependants likely to need assistance 
and to advise the Fund where appropriate. 

@ To advise the Fund of any planned medical conferences, 
exhibitions or meetings in your area where it might be 
possible for the RMBF to be represented. 


We need career grade doctors who are currently practising 
or very recently retired (i.e. within the last two years), with 
good contacts within the medical world and able to commit 
on average a couple of hours a week to help the Fund. 
For further information about becoming a volunteer 
Medical Liaison Officer for the Fund, please contact: 
Royal Medical Benevolent Fund, 24 King’s Road, 
Wimbledon, London SW19 8QN. Tel: +44 (0)208 540 
9194; E-mail: info@rmbf.org 


Help! 


Have you had a patient showing signs of hypoxic brain 
damage when the Holmann laser was used, or urea renal 
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Primus, Dräger Medical’s next-generation anesthesia workstation, is designed to be your perso 
assistant in the most demanding operations and everyday clinical routine. And like every 
supports your decision-making for improved efficiency in low-flow delivery and ventilatio 
standards in perioperative therapy with its new, innovative intensive care ventilator perfor 
design, open-platform architecture and optional upgrade packages ensure you gel a customized pi 
assistant to meet your specific requirements, e.g. with the patient monitoring system of you! 

can enjoy optimized processes in the perioperative environment. 


Primus is one of three pillars of innovation that mark a revolutionary new chapter in Dra 


anesthesia device technology. 


The essence of anesthesia. 


Drager 


M 


= OOOO O 








'RCOXIA" (etoricoxib) 


BRIDGED PRODUCT INFORMATION 
sfer to Summary of Product Characteristics before prescribing. 
RESENTATION 
diets: 60 mg, 90 mg and 120 mg tablets each containing 60 mg, 90 mg or 120 mg of etoncoxib 
pectively 
“ES 
mptomatic relief of osteoarthntis, rheumatoid arthritis (RA) and the pain and signs of 
Mammation associated with acute gouty arthritis 
SAGE AND ADMINISTRATION 
xe orally with or without food, Onset of action may be faster when administered without 
ad and should be considered when rapid relief is needed. Osteoarthritis: 60 mg once daily 
seumatoid arthritis: 90 mg once daily. Acute gouty arthritis: 120 mg once daily for the acute 
smptomatic penod only. Each dose above is the maximum recommended dose for each 
ladition. Renal insufficiency. No dosage adjustment necessary for patents with creatinine 
arance >30 ml/min. Hepatic insuffictency. mild (Child-Pugh score $-6): do not exceed a 
se of 60 mg: moderute (Child-Pugh score 7-9): do not exceed 60 mg every other day 
INTRA-INDICATIONS 
spersensitivity to any component of this product. Active peptic ulcerahon or gastro-mtestinal 
) bleeding. Severe hepatic dysfunction (Child-Pugh score >9). Estimated creatinine clearance 
4) mimin, Patients who have developed signs of asthma, acute rhinitis, nasal polyps 
Woncurotic oedema or urticaria after aspinn or other NSAIDs. Pregnancy and lactation 


NEW for the relief of pain a 


Children and adolescents under 16 years of age. Inflammatory bowel disease. Severs congestrre 
heart failure 


PRECAUTIONS 

Cardiovascular: COX-2-selectiye inhibitors are not a substitute for aspirin for cardiovascular 
prophylaxis due to their lack of effect on platelets. Because etoncoxid does not inhibit platelet 
aggregation. do not discontinue antiplatelet therapies and if indicated consider them in patients 
at risk for or with a history of cardiovascular or other thrombotic events, Exercise caution n 
patients with a medical history of ischacmic heart disease. Take appropriate measures and 
consider discontinuing etoricoxib therapy if there is clinical evidence of symptomanc 
deterioration in the condition of these patients. Lack of antiplatelet activity should also be 
considered in patients with a history of cerebrovascular disease. Renal effects: Consider 
monitonng renal function in panents with pre-existing significantly impaired renal function, 
uncompensated heart failure, or cirrhosis. Fluid retention, oedema and hypertension: Exercise 
caution in patients with a history of cardiac failure, left ventricular dysfunction. or hypertension 
and pre-existing oedema from any other reason, as fluid retention and oedema have been observed 
in patients taxing etoricoxib. Take appropriate measures, including discontinuation of etoncaxid 
where there is clinical evidence of deterioration in the condition of these patients. Gastro- 
intestinal effects. In clinical studies, some patients treated with ctoricoxib, developed perforations, 
ulcers or bleeds (PUBS), Independent of treatment, patents with a history of Gl perforation, 
ulcers and bleeding and those aged greater than 65 years are known to be at higher risk of a 
PUB. Hepatic effects: Elevanons of ALT and or AST (>3 umes the upper limit of normal) have 
been reported in approximately 1" of patients treated in trials with ctoncoxib 60 mg and 90 mz 
for up to one year. Monitor any patient with symptoms signs of liver dysfunction or in whom 


an abnormal liver function test has occurred Discontinue etoricoxib if signs of hep 
insufficiency occur, or if persistently abnormal liver function tests (3 times the upper limi 
normal) are detected. General: Maintain appropriate medical supervision when treating 

elderly and patients with renal, hepatic or cardiac dysfunction with etoricoxib. Use caution w 

immating Treatment in pahents with considerable dehydration. Rehydrate patients prior to star 
therapy with ctancoxb, Etoncoxib may mask fever Use of etoncoxib 1s not recommends 
women attempting to conceive. Interactions (pharmacodynamic): Oral anticoagulants: clo 

monitor the prothrombin time INR when therapy with etancoxib is initiated or the dose chan 
in patients receiving oral anticoagulants or similar agents, particularly in the first few d: 
Diuretics and ACE-inhibitors; NSAIDS may reduce the effect of diuretics and anthyperten 

drugs. In some patients with compromised renal function, the co-administration of an A 
inhibitor and cyclo-oxygenase inhibitors may result in further deterioration of renal funct 

which ts usually reversible. Aspirin: etoncoxib can be used concomitantly wath aspirin at de 
used for cardiovascular prophylaxis (Jow dose aspirin). However, concomitant administra 

of low dose aspinn with etoricoxib may result in an increased rate of GI ulceration or of 
complications compared to use of etoricoxib alone. Concomitant administration of etorice 
with doses of aspirin above those for cardiovascular prophylaxis, or with other NSAIDS is 
recommended. Ciclosporin tacrolimus: monitor renal function when ctoncoxib and eit 
cyclosponn or tacrolimus is used in combination. Jnteractions (pharmacokinenc) The ef 
of etoricaxth on the pharmacokinetics of other drugs: Lithium: the plasma concentration 
lithium is increased by NSAIDS, therefore monitor and adjust blood lithium and lithium dos 
if necessary. Methotrexate: adequate monitoring is recommended for methotrexate-rela 
tonicity When ctoncoxib and methotrexate are administered concomitantly. Ora! Contracepte 
(OC). Administration of etoricoxib 120 mg with an OC containing 3$ meg ethinyl estras 





Yammation in a broad range of indications 


Jand 0.5 to | mg norethindrone for 21 days, either concomitantly or separated by 12 hours 
tased the steady state AUC. zay Of EE by 50 10 60%; however, norethindrone concentrahons 
verally did not increase to a clinically relevant degree. Consider this increase in EE 
centration when selecting an oral contraceptive for use with etoricoxib. Digavin: Patients 
nigh risk of digoxin toxcity should be monitored for an increase in digoxin Crus when 
nconib and digoxin are administered concomitantly, Effect of etoricoxib on drugs metabolised 
sulfotransferases: Etoncoxib is an inhibitor of human sulfotransferase activity, particularly 
LTIE! and has been shown to increase the serum concentrations of ethinyl estradiol. It may 
orudent to exercise care when administering etoricoxib concurrently with other drugs primarily 
tabolised by human sulfotransferases (e.g oral salbutamol and minoxidil), Effect af eturicarih 
drugs metabolised by CYP isoenzymes: Based on in vitro studies, etoricoxib is not expected 
nhibit cytochromes P450 (CYP) 1A2, 209, 2C19, 2D6, 2E1 or 3A4, In a study in healthy 
Hects, daily administration of etoricoxib 120 mg did not alter hepatic CYP3A4 activity as 
essed by the erythromycin breath test. Effects of other drugs on the pharmacokinetics of 
“icavib: The main pathway of etoricoxib metabolism is dependent on CYP enzymes. CYP3A4 
sears to contribute to the metabolism of etoncoxib in vivo. Ketoconazole: a potent inhibitor 
CYP3A4, dosed at 400 mg once a day for 11 days to healthy volunteers did not have any 
acally important effect on the single-dose pharmacokinetics of 60 mg etoncoxib (43% increase 
AUC), Rifampicin: Co-administration of etoricoxib with nfampicin, a potent inducer of CYP 
cymes, produced a 6$% decrease n etonicoxib plasma concentrations. an interaction which 
y result in recurrence of symptoms. Antacids: Antacids do not affect the pharmacokinetics 
storicoxib to a clinically relevam extent, Pregnancy contra-indicated in the first, second 
A third trimesters of pregnancy, Lactation: contra-indicated. 


SIDE EFFECTS 

In clinical studies the following undesirable effects were reported at an incidence greater than 
placebo n patients with OA, RA or chronic low back pain treated with etoncoxib 60 mg or 
90 mg for up to 12 weeks: (Common (> 1/100, <1/10) Uncommon (> 1/1000, <1/100) Rare 
(> 110,000, <1 1.00004) 

Infections and infestations: Uncommon. gastro-ententis, upper respiratory infection, unnary 
tract infection. /mmune system disorder: Very rare. drug hypersensitivity. Metabolism and 
nutrition disorders: Uncommon: appetite increase or decrease, oedema fluid retenvion, weight 
gain. Psychiatric disorders: Uncommon: anxiety, depression, mental acuity decreased. Nervous 
system disorder: Common. dizziness, headache. Uncommon: dysgeusia, insomnia, 
paraesthesia hypaesthesia, somnolence. Eye disorders: Uncommon: blurred vision. Ear and 
labyrinth disorders: Uncommon: tinnitus. Cardiac disorders: Uncommon. congestive heart 
failure, non-specific ECG changes, Very rare: myocardial infarction. Vasewlar disorders: 
Uncommon: flushing, hypertension. ler: rare’ cerebrovascular accident. Respiratory, 
thoracic and mediastinal disorders: Uncommon. cough. dyspnoea, epistaxis. Gastro-imestinal 
disorders: Common. gastro-intestinal disorders (c.g abdominal pain, flatulence, heartburn), 
diarrhoea, dyspepsia, epigastric discomfort, nausea. Uncommon: abdominal distention, acid 
reflux, bowel movement pattern change, constipation, dry mouth, gastroduodenal ulcer, irnitable 
bowel syndrome, oesophagitis, oral ulcer, vomiting. Very Rare. gastro-intestinal perforation 
and bleeding Skin and subcutaneous tissue disorders; Uncommon: ecchymosis, facial oedema. 
pruntus, rash. Musculoskeletal, connective tissue and bone disorders: Uncommon. muscular 
cramp spasm, musculoskeletal pain’stiffness. Renal and urinary disorders: Uncommon 
proteinuna General disorders and administration site conditions; Common: asthenia fatigue. 
flu-like disease, Uncommon: chest pain. Investigations: Common ALT increased. AST 
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Oxford Handbook 


| of Anaesthesia 


Consultant 
Anaesthetist, 





Anew volume in the successful 
Oxford Handbooks series 


Provides practical guidelines for all 


anaesthetists, from junior to 
consultant level 


The only truly concise yet 
comprehensive guide to 
anaesthetic practice 


Includes useful appendices - 


Keith Allman, 


Royal Devon and 
Exeter Hospital 


BOOKS FROM OXFORD 


The Complete Recovery Room Book 


Third Edition 


Anthea Hatfield, Armed Forces Hospital, Riyadh, Kingdom of Saudi Arabia, afd 
Michael Tronson, Box Hill Hospital, Melbourne, Australia 





Anew edition of a highly successful book on caring for patients in the vital hours after surgery 


Royal Devon and . Substantial revisions include new sections on paediatrics, techniques for limiting cross infection, prion 


Exeter Hospital disease, HIV and latex allergy, as well'as an updated review of drugs used in the recovery room 

aA d i Heavily illustrated, with clearly presented guidelines 

lain Wilson, | ‘The authors have given clear accounts of recovery room care and Lam pleased to donate my copy to the recovery 
Consultant room... The layout is imaginative and the book is easy to read. The aphorisms are hdpful. There are a number of figures 
Anaesthetist and diegrams, some of which contain guidelines and protocols that could be adapted for wall.charts. There are useful 


appendices, which include information on infusions, arrhythmias, numerical data and emergency trolleys.’ 
British Journal of Anaesthesia 


0-19-263218-3, April 2001, Paperback, 586 pages, numerous line figures, £32.50 





Perioperative Medicine 
Managing surgical patients with medical problems 


| Edited by Anthony Nicholls, Consultant Paysician/Nephrologist, Royal Devon and Exeter 
= Hospital, and lain Wilson, Consultant in Anaesthetics and Intensive Care, Royal Devon and 
Exeter Hospital 





Guidelines are concise, didactic, and easily accessible 
Essential handbook for junior surgeons and anaesthetists 


a checklist of anaesthetic apparatus, 
a drug formulary, and alist of normal = “The book succeeds in its aim to provide information and guidance for the clinical management of surgical patients with | 


values 


| Along-awaited new addition to the 
acclaimed Oxford Handbooks series, the 


common medical problems... The information is highly relevant aad practical. There is also guidance where more 
specialist input is considered necessary...fn conclusion, Perioperative Medicine is o pocket reference that contains a 


wealth of useful information. | would recommend it to all medica’ staff involved in the perioperative care of patients, and | 


particularly to house staff.’ British Journal of Plastic Surgery 


Oxford Handbook of Anaesthesia is the first 
truly concise yet comprehensive quide for 0-19-262975-1, january 2000, Flexicovers, 400 pages, numerous figures and tables, £19.95 


anaesthetists, providing a practical 


approach to anaesthetic practice. Written 
by experts within their fields, the emphasis 


ALSO AVAILABLE FROM OXFORD UNIVERSITY PRESS: 


is on providing clear and reliable advice on a Ti . 
range of surgical situations - advice thatcan An Evidence-based Resource The Management of Acute Pain 
be accessed within seconds. Alsoincludedis for Pain Relief Second Edition 

_ information on preoperative considerations yy. McQuay and R. A. Moore Gilbert Park, Barbara Fulton and Siva Senthuran 


such as consent, implications of pre-existing | 


| medical conditions, postoperative 


This bock provides a review of clinical trials examiningthe — This book provides simple, practical guidelines for those 
| effectiveness of many of the interventions commonly who prescribe and administer drugs for acute pain relief. 


| problems, along with a list of anaesthetic used in pain relief. 0-19-262467-9, 2000, Paperback, £21.95 
: drug dosages, infusions, and normal values. _ 9-19-263048-2, 1998, Paperback, £35.00 


The Oxford Handbook of Anaesthesia 


_ includes valuable advice for registrarsand Mathematics and Statistics in 
those sitting exams, whilst also being the Anaesthesia 


one essential book for all anaesthetists, 
_ both junior and experienced, to keep in 
| their pockets at all times. 


Oxford Handbook of Acute 


Medicine 
: Punit S. Ramrakha and Kevin P. Moore 
| Steven Cruickshank Q-19-262682-5, 1997, Flexicovers, £19.95 
_ This book presents simple mathematical ideas and explains 
how they can be used to mode! and understand problems 


_ which arise in clinical anaesthesia. iti 
0-19-263273-6, February 2002, £22.95, | Jagg O Dicat anaesthesia Oxford Handbook of Critical Care 
Flexicovers, 1168 pages, 47 line drawings  0-19-262312-5, Paperback, £27.50 M. Singer and A. R. Webb 

| 0-19-262313-3, Hardback, £55.00 0-19-262542-X, 1996, Flexicovers, £22.95 


| Ordering 
books is 


easy! 


UK & Europe: USA: 

email book.orders@oup.co.uk tel (toll free) 1-800-451-7556 
web www.oup.co.uk fax 1-919-677-1303 

tel +44 (0) 1536 454534 email medical@oup-usa.org 


fax +44 (0) 1536 454518 For more information on any of these titles or a leaflet containing details of 
Oxford's other Anaesthesia titles, please email medicine.books@oup.co.uk 
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Never miss a twitch? 


Editorial Notices 


stones and the oxygen alarm did not sound? If so, please 
contact: 

Dr P. A. Charlebois, 2425 Eglinton Avenue East, 
Scarborough, Ontario, Canada. 


Third Euro-PNB Winter Symposium: 
postgraduate course on peripheral nerve 
blockade in surgery and pain management 
for anaesthesiologists 


Excelsior Mila Hotel, Crans-Montana, Switzerland, 
January 16-19, 2003 


Meet European experts in this stimulating course and 
workshops in an exciting environment. 

Registration before December 1, 2002 to: Assoc. Professor 
Alain Borgeat, Department of Anaesthesia and Intensive 
Care, Orthopedic University Clinic, Balgrist/Ziirich, 
Forchstrasse 340, CH-8008 Ziirich, Switzerland. Tel: +41 
1 386 38 32; Fax: +41 1 386 16 09; E-mail: agorgeat@ 
balgrist.unizh.ch 


21st Annual Symposium: Clinical Update in 
Anesthesiology and Advances in Techniques 
of Cardiopulmonary Bypass with 
International Faculty and Industrial Exhibits 
Antigua, West Indies, January 19-25, 2003 


For information on abstracts, posters and free papers 
(deadline: November 4, 2002) please contact: Helen 
Phillips, Mount Sinai Medical Centre, 1 Gustave L. Levy 
Place, Box 1010, NY 10029-6574, USA. Tel: +1 212 241 
7467; Fax: +1 212 426 2009; E-mail: helen.phillips@mss- 
m.edu 


14th SW Thames Anaesthesia Update 


Belle Plagne, French Alps, January 27-31, 2003 

The scientific programme will include lectures and 
discussions on: acute and chronic pain; paediatric update; 
obstetric anaesthesia; neurology and anaesthesia; ITU and 
relevant medical topics; cardiothoracic anaesthesia; day 
case surgery; regional blocks; new drugs update; training 
and education; clinical governance: information technol- 
ogy; free papers, guest speakers, workshops, videos on new 
drugs, equipment and techniques. 

Open to all anaesthetists. Anaesthetists in training present- 
ing papers are eligible for prizes. Deadline for abstracts: 
December 10, 2002. Meeting approved for CEPD. 

For more information and to secure a place please contact: 
Dr J. B. Liban, Anaesthetic Department, St George’s 
Hospital, Blackshaw Road, London SW17 OQT. Tel: +44 
(0) 208725 0018; Fax: +44 (0) 208725 3135: E-mail: 
liban @ mailbox.co.uk: Website: www.doctorsupdates.com 
(on-line registration). 


10th Annual Paediatric Anaesthesia Update 


The Manchester Conference Centre, Manchester, 
February 14, 2003 

For further information, please contact: 

The Secretary, University Department of Anaesthesia, 
Royal Manchester Children’s Hospital, Hospital Road, 
Pendlebury, Manchester M27 4HA, UK. Tel/Fax: +44 (0) 
161 727 2291; E-mail: ansecrmch@zoom.co.uk 


Legal and Ethical Issues in Anaesthesia and 
Critical Care 

Glenfield Hospital, Leicester, February 21, 2003 

For further information, please contact: 


Conference Co-ordinator, Clinical Education Centre, 
Glenfield Hospital. Groby Road, Leicester LE3 9QP, UK. 
Tel: +44 (0) 116 250 2305; Fax: +44 (0) 116 256 3334; 
E-mail: jackie-howarth @uhl-tr.nhs.uk 


77th Clinical and Scientific Congress of the 
International Anesthesia Research Society 


New Orleans Marriott, New Orleans, Louisiana, March 
22-26, 2003 

For further information, please contact: 

International Anesthesia Research Society, 2 Summit Park 
Drive, Suite 140. Cleveland. OH 44131-2553, USA. 
Tel: +1 216 642 1124; Fax: +1 216 642 1127; E-mail: 
iarshq@iars.org; Website: www.iars.org 


Advances in Anatomy and Clinical 
Examination of the Hand and Wrist 


Genval (Brussels), Belgium, March 28-29, 2003 
Presymposium Hands-on Course of Hand Surgical 
Anatomy, March 27, 2003 

The symposium will promote exchange between scientists 
and clinicians, and will include presentations by invited 
faculty. Participants may submit original papers for a 
limited number of oral presentations, and there will be 
considerable time reserved for discussion. Deadline for 
submission of abstracts: December 31, 2002. 

For further details, please contact: F. Schuind. MD, PhD, 
Department of Orthopaedics. Erasme University Hospital, 
808 route de Lennik, B-1070 Brussels, Belgium. Tel: +32 2 
555 68 44/36 45; Fax: +32 2 520 35 36; E-mail: Hand. 
congress @ulb.ac.be 


German Congress of Anaesthesiology 2003 
(DAK 2003) 

München, April 9-13, 2003 

For further information, please contact: 

Medizinisch Congressorganization Niirnberg AG. 

Tel: +49 911 393160; Fax: +49 911 331204 


Objective transmission monitoring 





Eyes that never miss a twitch! 


Monitoring neuromuscular block has clear benefits for both patients 
and staff. The TOF-Watch contributes to lower dosing of NMBAs 
enhances patient safety and improves the cost-effectiveness of 
treatment. It also allows optimal control of depth of block, 
*promotes faster recovery of neuromuscular function and 
spontaneous ventilation and helps to avoid dysfunction 
resulting from prolonged paralysis. It makes sense. 















TOF-Watch 


User-friendly operation in 
routine clinical practice 


TOF-Watch devices are small, light 
and easy to operate. Calibration and sele 
of the desired stimulation mode 
needed. Continuous monitoring ar 
display are fully automati 
The TOF-Watch range offers differe 
models for 
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eatures slow TOF especially 
suited for use in the 
Intensive Care Unit 
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Safe NMBA-use pays dividends i 


For furthe 
TOF-Watch SX TOF-Watch N.V. Orgar 
"Designed for scientific use 
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Editorial Notices 


International Consensus Conference in 
Intensive Care Medicine—‘Challenges in 
End-of-Life Care in the ICU’ 


Brussels, Belgium, April 24-25, 2003 

This conference aims to evaluate available scientific 
knowledge and to advance the understanding of End-of- 
Life care. The questions to be answered: (i) Is there a 
problem with End-of-Life care in the ICU?; (ii) What is the 
‘epidemiology’ of death in the ICU?; (iii) Who takes the 
decision to limit life-sustaining treatments in the ICU?; 
(iv) What explains the differences between countries and 
cultures regarding End-of-Life care in the ICU?; (v) What 
is the optimal care for patients dying in the ICU? Jury will 
deliberate on April 26-27. 

For more information, please contact: ESICM ICC-—Mrs 
Estelle Flament, 40 Avenue Joseph Wybran, B-1070 
Brussels, Belgium; Tel: +32 (0)2 559 03 55; Fax: 
+32 (0)2 527 00 62; E-mail: public@esicm.org; 
Website: www.esicm.org. 


27th Congress of The Scandinavian Society of 
Anaesthesiology and Intensive Care Medicine 
Helsinki, Finland, August 16-20, 2003 

A biannually arranged Scandinavian congress in one of the 
five Scandinavian countries; language: English. 


For further information please contact: Prof. Per 
H. Rosenberg, Helsinki University Hospital, Helsinki 
FIN00029 HUS, Finland. 

E-mail: per.rosenberg @hus.fi 

Or: CONGREX/Blue & White Conferences Oy 


E-mail: congrex @congrex.fi 
Web address: www.congrex.fi 


Société Francaise d’Anesthésie et de 
Réanimation 

Annual congresses will take place in Palais des Congrés, 
Porte Maillot, Paris on the following dates: 


September 18-21, 2003 
September 20—October 3, 2004 
September 29-—October 2, 2005 
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Editorial I 


Confidence in statistical analysis 


In this era of evidence-based medicine, randomized con- 
trolled trials are crucial sources for making clinical deci- 
sions. But what should we expect from a randomized 
controlled trial? First of all, we would like to know if there is 
a difference between treatments—for example, if a new 
drug is better than an old one. As we cannot obtain data from 
the entire population, we set up a randomized controlled 
trial on a sample of subjects and apply each treatment to a 
different group. We will almost certainly find some 
difference between the groups, because even if the same 
treatment had been applied to both groups we would be very 
likely to have some difference because of the variability 
between subjects in their response to the treatment. So, how 
do we know whether the observed difference is a reflection 
of a systematic difference in the population as a whole or 
just a reflection of patient variability? This is usually 
answered by using a hypothesis test. The way of proceeding 
is to set up a null hypothesis—that there is no difference 
between groups. We can calculate a probability (P value) 
that the observed difference arose only by chance from the 
variability between patients. For example, if P=0.04, this 
means that there is a 4% probability that the observed 
difference is due to chance, and therefore a 96% probability 
that the alternative hypothesis (there is a difference in the 
population) is true. The difference observed in any trial is 
usually regarded as statistically significant when P<0.05 (or 
sometimes <0.01). 

Once we have learnt that there is a significant difference 
between groups, we would like to know how large the 
difference is. The difference can be estimated (point 
estimate) by simply calculating the difference between the 
mean responses in the two groups. Suppose in one study of 
20 patients the mean consumption of morphine during the 
postoperative period was 30 mg in the control group, in 
which a conventional analgesic was given during anaesthe- 
sia, and 20 mg in the study group, in which a new drug was 
used, The difference between groups is calculated to be 
10 mg. 

Next, we recognize that, because we have studied only a 
sample of subjects, the true difference in the population will 
probably be a bit bigger or smaller than our point estimate. 
Therefore we would like to know how much bigger or 
smaller the true difference might probably be. Hypothesis 


tests do not quantify this. Most probably as a result, 
clinicians have tended to ignore this important question of 
the magnitude of the difference between groups (how much 
better is the new drug than the old one?) and simply consider 
whether ‘there is a difference’ or ‘there is no difference’. In 
fact, we can calculate a range of values that will, with high 
probability (commonly 95%, less often 99%), contain the 
true difference in the population. This range of values is 
called the confidence interval. 

The main purpose of the confidence interval is to indicate 
the (im)precision of the point estimates of population 
values.! More exactly, in a statistical sense, the confidence 
interval means that if a long series of identical studies were 
carried out on different samples from the same population 
and a 95% confidence interval for the difference between 
groups calculated in each study, then, in the long run, 95% 
of these confidence intervals would include the population 
difference. In the study mentioned above, the 95% confi- 
dence interval for the difference in the postoperative 
morphine consumption between groups is calculated to be 
2-18 mg. This indicates that the true difference should be, 
with 95% certainty, somewhere between these values. In 
other words, the true difference may be as low as 2 mg or as 
high as 18 mg. 

The variability of the subjects studied and the sample size 
affect the width of the confidence interval: the greater the 
variability of subjects studied, or the smaller the sample 
size, the wider the interval. Suppose a study similar to the 
above was done, but in 200 patients, and that this study 
again showed the difference in the postoperative morphine 
consumption between groups to be 10 mg (with similar 
variability between patients). If the 95% confidence interval 
for the difference were 2-18 mg for the study of 20 patients, 
calculation would show it to be 8—12 mg for the study of 200 
patients. Therefore, the precision of a point estimate is 
indicated by the width of the confidence interval: the 
narrower the interval the more precise the point estimate of 
the population difference. 

There is a close link between the confidence interval and 
the hypothesis test. When the 95% confidence interval does 
not contain 0, there is a significant difference (P<0.05), 
whereas when the interval contains 0 there is no significant 
difference between groups. Thus, the confidence interval 
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0 Clinically 
meaningful 
difference 


Fig 1 Examples of confidence intervals ın relation to zero difference and 
a proposed clinically meaningful difference. The dashed line indicates 
half the proposed clinically meaningful difference (see text for details) 


allows readers to assess whether or not the difference 
between groups is statistically significant. 

Over the last few decades. statistical analysis has 
increasingly been used in medical studies. Nevertheless, it 
is a pity that hypothesis tests have been used predominantly 
and the usefulness of the confidence interval—another 
major statistical analysis—has not been well appreciated. In 
addition, the hypothesis test has often been misused and 
misinterpreted. Even now, it often appears that the main 
purpose of studies is to obtain P<0.05: P values less than 
0.05 are regarded as meaningful and publishable in medical 
journals, whereas values equal to or greater than 0.05 are 
considered meaningless and not publishable. However, 
suppose two new drugs (A and B) have recently been 
developed and one study showed that drug A was signifi- 
cantly better than the old drug (P=0.048), whereas another 
study showed that there was no significant difference 
between drug B and the old drug (P=0.052). Should we then 
consider using drug A, but never drug B? The answer should 
be no. Similarly, both P=0.053 and P=0.12 are judged as 
non-significant, but the meaning of these can be quite 
different. Such dichotomy (significant and non-significant, 
yes and no, black and white) can produce publication bias 
and can lead to an unsound clinical judgement. 

What we should not forget is that a significant difference 
between groups does not necessarily mean that there is a 
clinically meaningful difference. Conversely, a non-signifi- 
cant difference between groups does not necessarily mean 
that there is no clinically meaningful difference. Why? It is 
because, in hypothesis testing, a difference which is too 
small to be clinically meaningful can be statistically 


significant when a large number of subjects has been 
studied, whereas a clinically meaningful difference may be 
non-significant if the number of subjects studied was too 
small. 

Then how can we decide the number of subjects that is 
appropriate for testing the hypothesis? To do this, it is 
mandatory to decide, before the start of the study, the 
minimum true difference between groups that we can regard 
as clinically meaningful. The number of subjects required is 
calculated on the basis of the proposed clinically meaning- 
ful difference and the anticipated variability of the data. 
This calculation is called power analysis. Without this 
calculation, reliable conclusions cannot be drawn from the P 
values. In particular, when the P value turns out to be 20.05 
(or =0.01), the hypothesis test indicates a non-significant 
difference, even though there may in fact be a meaningful 
population difference (false negative, type II or beta error).” 

Even if the required number of subjects is calculated 
correctly, there are still two dangers. First, a statistically 
significant result may not be genuinely clinically meaning- 
ful. For instance, suppose a group of researchers studying a 
new but expensive antihypertensive drug considered that a 
decrease in arterial pressure by 10 mm Hg (compared with 
the placebo group) would be clinically meaningful. Other 
clinicians might consider that the reduction needed to be 
20 mm Hg to be clinically meaningful. The researcher 
would study a large number of subjects and may achieve a 
significant difference, even if the drug in fact reduces the 
blood pressure by only 10 mm Hg. Therefore, this study 
may not be useful, since clinicians would not use such an 
expensive drug with a weak effect in daily practice. 
Secondly, a statistically non-significant result may conceal 
a meaningful difference. Suppose another group of 
researchers, studying the same drug, decided that only a 
decrease of 30 mm Hg was clinically meaningful. They 
would study a much smaller number of patients so that, if 
the population difference was only a little larger than the 
20 mm Hg that other clinicians considered meaningful, they 
might report a non-significant result, thereby perhaps 
inappropriately discouraging clinicians from using the 
new drug. 

Therefore, the implications of a hypothesis test depend on 
the investigators’ opinion of the clinically meaningful 
difference and thus the test is, in a sense, subjective. This 
is why it is important that the authors should state 
unambiguously the null hypothesis and a proposed clinic- 
ally meaningful difference, to allow readers to assess to 
what extent the significant or non-significant difference 
supports or refutes the existence of a difference which they 
would regard as clinically meaningful. In this sense, the 
hypothesis test should not, in principle, be used for 
unplanned comparisons (such as an unexpected difference) 
where there is no clear null hypothesis. 

The confidence interval solves the problems associated 
with hypothesis tests in several ways. First, the confidence 
interval facilitates the distinction between a significant 
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Fig 2 Examples of point estimates with their confidence intervals in 
relation to zero difference and a proposed clinically meaningful 
difference 


difference and a clinically meaningful difference. There are 
several possible confidence intervals in relation to a 
clintcally meaningful difference and zero difference be- 
tween groups (Fig. 1). In Figure 1, hypothesis tests would 
show significant differences for examples A, B, C and D. In 
contrast, the confidence intervals indicate that only in 
example A is the difference almost certainly clinically 
meaningful. For example B, the difference is likely to be 
clinically meaningful, but it may not be. For example C, the 
difference could be clinically meaningful but is doubtful. 
Lastly, for example D, the confidence interval would 
indicate that the difference is almost certainly not clinically 
meaningful. 

Secondly, because the confidence interval does not 
require a particular hypothesis, the results will not be 
directly affected by the clinically meaningful difference 
proposed by the researchers. Therefore, by using their own 
values for the smallest clinically meaningful difference, 
readers can interpret whether or not the study indicates a 
difference which they would regard as clinically meaning- 
ful. For example, if readers consider that the minimum 
clinically meaningful difference is half the proposed value 
in Figure 1 (dotted line), examples A-C can be regarded as 
showing almost certainly a clinically meaningful difference 


(because the lower limit is now greater than the smaller 
proposed value), whereas example D may or may not be 
clinically meaningful. 

Thirdly, the confidence interval may differentiate be- 
tween no clinically meaningful difference and a beta error 
In examples E and F, the hypothesis tests would indicate no 
significant difference between groups. The confidence 
interval indicates that in example E there would be no 
clinically meaningful difference between groups, as the 
upper limit of the interval is less than the value for the 
clinically meaningful difference. For example F, the 
confidence interval cannot differentiate between zero 
difference and a clinically meaningful difference between 
groups. This is most likely to occur when the number of 
subjects studied is too small. Nothing can be inferred from 
this study, which would give a false impression of the 
absence of an effect (beta error). 

Lastly, the confidence interval 1s potentially useful in 
examining results from several similar studies. Suppose 10 
studies (of various numbers of patients) have been carried 
out comparing the efficacy of a new drug with that of an old 
one (Fig. 2). When we examine the results of hypothesis 
tests, we will find it difficult to draw a conclusion about 
whether the new drug is clinically more useful than the old 
one, as six studies (studies 5-10) showed significant 
differences whereas the other four (studies 1—4) showed 
non-significance. We may hope to reach a conclusion by 
repeating simular studies, but this would often aggravate the 
inconsistencies between studies because, as the number of 
studies increases, the msk of false-positive and false- 
negative results also increases. The confidence interval 
may shed a quite different light. From Figure 2, we can 
deduce that studies 1 and 2 are useless, since their 
confidence intervals contain both zero difference and the 
clinically meaningful difference. Only two of the remaining 
eight studies (studies 3 and 4) contain zero difference, and 
the negative segments of the confidence intervals of these 
two studies are much smaller than the positive segments. In 
eight of the 10 studies, the confidence interval contains (or 
exceeds) the value for a clinically meaningful difference, 
and in five studies the point estimates are greater than the 
clinically meaningful difference. By seeing these, we can 
conclude that the new drug is very likely to be genuinely 
more effective and is likely to produce a clinically 
meaningful difference in the population at large. In addition. 
if a new trial of a large number of subjects is done (such as 
study 10 in Fig. 2), the confidence interval will be narrower 
than others so that more weight can be given to such a study 
than to others. Therefore, by examining the degree of 
difference in each study, and the confidence intervals, we 
can summarize all the studies. Thus, increasing the number 
of studies would help us to reach a more reliable conclusion. 
The most effective way of analysing randomized controlled 
trials using this concept is by meta-analysis.’ 

Taking these considerations together, the following 
recommendations can be made. First, authors should state 
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unambiguously a null hypothesis and their proposed value 
for the clinically meaningful difference (as well as the 
estimated variability between patients). The excessive use 
of hypothesis testing should be avoided not only because 
multiple testing increases the risk of false-positives (alpha 
error), but also because it is usually unreasonable to produce 
multiple hypotheses from a single study. Secondly, authors 
should calculate, before the start of the trial, the number of 
subjects required (and show the calculation in the Method 
section), to reduce the risk of a beta error to an acceptable 
level, such as 5 or 10% (corresponding to a power of 0.95 
and 0.9 respectively). Thirdly, the authors should state the 
point estimate and its confidence interval. Finally, regard- 
less of the presence or absence of a significant difference 
between groups, efforts should be made to clarnfy the 
likelihood of a clinically meaningful difference. 

Gardner and Altman* have formulated a policy for the 
British Medical Journal that confidence intervals, if appro- 
priate to the type of study, should be used for major findings 
in both the main text of a paper and its abstract. The British 
Journal of Anaesthesia states in its Guide to Contributors 
that ‘Confidence intervals provide a more informative way 
to deal with a significance test than a simple P value’.° 
Hypothesis tests answer these questions only partially, and 
the P value in itself does not tell us if there is a clinically 
meaningful difference between groups. Therefore, authors 
submitting manuscripts to this journal are strongly encour- 
aged to show the confidence interval, at least for the main 


findings (and perhaps even more so for any supplementary 
findings), tc permit the drawing of a reliable clinical 
inference. 
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Editorial II 


Why does smoking protect against PONV? 


Postoperative nausea and vomiting (PONV) are among 
the most common and feared postoperative complica- 
tions and can occur after both general and regional 
anaesthesia. Many adults find PONV more distressing 
than postoperative pain.’ Over the last decade, there has 
been some improvement in the understanding of the 
aetiology, and pathophysiology of PONV and, together 
with the introduction of new and effective antiemetics 
there has been some progress into finding a solution to 
the problem. Unfortunately, however, PONV, which has 
been described by Kapur as ‘the big, little problem’,” 
remains an unpleasant and sometimes intractable side- 
effect, which continues to challenge and frustrate 
anaesthetists. In today’s world of cost-effective medi- 
cine, where there are ever-increasing pressures to avoid 
even minor side-effects of treatment, there has been an 
explosion of papers on the subject in which every aspect 
of risk, prevention, anaesthetic technique, and manage- 
ment strategies have been examined. PONV has also 
been the subject of a recent 1-day symposium organized 
by The Royal College of Anaesthetists.° 


Several authors have attempted to categorize PONV in 
terms of surgical, anaesthetic, non-anaesthetic, and post- 
operative factars.*° A number of factors have emerged 
which are associated with the problem. These include age, 
sex, history of motion sickness, previous PONV, duration 
and type of surgery, pre-anaesthetic medication, the use of 
nitrous oxide, facemask ventilation, the use of opiates, early 
postoperative ambulation, the timing of oral intake, and 
postoperative pain. Clearly, there are an infinite number of 
permutations that may lead to an unfavourable outcome. For 
this reason, there have been attempts to define those 
variables and in particular, those fixed patient factors that 
may be used to quantify more meaningfully the extent to 
which an individual may be at risk. It ıs also important to 
take cognisance of these factors in the design of studies of 
PONV in order to avoid bias. In 1993, Palazzo and Evans° 
studied prospectively 147 patients undergoing minor ortho- 
paedic surgery, by logistic regression analysis, to determine 
the association of independent fixed patient factors with the 
incidence of PONV. This study identified history of PONV, 
sex, and postoperative opioid administration as important 
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factors. A history of motion sickness was weakly associated. 
There was also an interaction between sex and history of 
motion sickness. In 1998, Apfel and co-workers,” also using 
stepwise forward logistic regression analysis analysed 1137 
patients and identified age, sex, history of PONV or motion 
sickness, duration of surgery, and non-smoking as important 
risk factors in the aetiology of PONV. Simultaneously, 
Hough? coincidentally identified smoking as a protective 
factor against PONV. This was confirmed by Chimbira? in a 
larger follow-up study. 

Why should cigarette smoking confer protection against 
PONV? One explanation for such an effect would be the 
presence of an antiemetic substance in tobacco smoke. The 
pharmacological receptors which mediate PONV are known 
to act at the dopamine (D2), cholinergic, histamine (H1), 
5-HT3 and NK1 receptors,’° and if there were an antemetic 
in cigarette smoke it would have to belong to one of these 
classes of receptor-blocking drugs. Presumably, if this were 
the case, then other dopaminergic, cholinergic, or histami- 
nergic effects would occasionally be seen. So far this 
hypothesis has not borne fruit. Alternatively, the reduction 
in PONV may be seen as an adaptive response to a repeated 
emetic stimulus, although it is clear that usually only the 
uninitiated or those who have consumed excessive amounts 
find tobacco emetogenic. 

Cigarette smoke is a complex mixture of gaseous and 
particulate material. The gaseous portion, which comprises 
60% of tobacco smoke, contains formaldehyde, carbon 
monoxide, nitric oxide, hydrogen cyanide, and other 
components.'' The remaining 40% is the particulate 
phase. There are about 3500 different substances, which 
have been isolated in the particulate phase, the principal one 
of which is the alkaloid, nicotine. Other alkaloids include 
nornicotine, antabine, and anabasine. There are also acids, 
including lactones, aldehydes, ketones, alcohols, poly- 
phenols, nitrosamines, and polyaromatic hydrocarbons. '* 
The particulate phase minus the alkaloids and water is called 
tar. 

Tar, otherwise known as cigarette smoke condensate 
(CSC), is a mixture of polycyclic aromatic hydrocarbons 
(PAHs), N-nitrosamines, and aromatic amines.'* PAHs are 
the products of incomplete combustion of organic matter 
such as wood, oil, tobacco, and coal. In recent years, 
research has focussed to a large extent on these substances, 
primarily because of their tumorigenic activity and also 
because they are capable of influencing the activity of 
hepatocellular enzymes.'* Examples of the PAHs, which 
are found in CSC include naphthalene, phenanthrene, 
anthracene, benzanthracene, pyrene, benzpyrene, and benz- 
fluoranthene. 

Detoxification of most drugs occurs via the P450 (CYP) 
enzyme pathways. In man, the CYP isoenzymes, which are 
responsible for drug metabolism belong to families 14. Of 
these families, 1-3 are the most important. It has been 
estimated that 90% of drug and xenobiotic metabolism can 
be attributed 


to six enzymes: CYP1A2, CYP2C9,, 


CYP2C19, CYP2D6, CYP2E1, and CYP3A4.!° The pur- 
pose of this multienzyme system, which has evolved over 
millennia in plants and animals, is an evolutionary conse- 
quence of plant-animal warfare. Plants synthesized chem- 
icals for self-protection, and animals had to develop 
xenobiotic-metabolizing enzymes such as cytochrome 
P450 for the detoxication of these chemicals.'® It can now 
be considered as an adaptive response to environmental 
challenges, in that exposure to a toxic or noxious substance 
results in the expression of enzymes responsible for the 
metabolism of the particular toxin. For the most part this is a 
beneficial response, but it may also result in the formation of 
a metabolite that is either pharmacologically active or even 
carcinogenic.'? When enzymes are induced, dramatic 
effects on drug clearance and half-life can also occur. 

Cigarette smoking can result in as much as a 3-fold 
increase in CYPIA2 activity from induction by PAHs. 
CYP1A2 is the major enzyme involved in the metabolism of 
a number of drugs, some of which are commonly used by 
anaesthetists. This leads to increased rates of metabolism of 
these substances, which may lead to an increased dosage 
requirement.!> For example, it has been shown that the 
clearance of theophylline is significantly increased in 
smokers and that its half-life is decreased by a factor of 
two.! Cessation of smoking can lead to rapid accumulation 
which necessitates dose readjustment.’® The metabolism of 
a number of psychoactive drugs also dependent on CYP1A2 
is similarly affected. These include the antidepressives 
amitriptyline, clomipramine and fluvoxamine, the anti- 
psychotics chlorpromazine and haloperidol, and some 
anxiolytics such as diazepam and chlordiazepoxide.”? Of 
interest to anaesthetists is the increased requirements for 
analgesia among smokers and the increased metabolism of 
morphine and meperidine.” ?” Pentazocine and dextropro- 
poxyphene which are associated with the genesis of PONV 
may be similarly affected.” ** 

In contrast, volatile anaesthetics are metabolized by 
CYP2E1,***’ which is also induced by nicotine and 
PAHs."® In a recent study, Apfel and co-workers*® have 
demonstrated that volatile anaesthetics are the main cause of 
PONV within the first two postoperative hours, when 
pharmacokinetic effects are most likely to account for any 
perceived differences in recovery. A patient whose liver 
enzymes, in particular CYP2E1, have been induced as a 
result of smoking would be expected to have a correspond- 
ingly higher rate of metabolism of the respective volatile 
agent. Such a patient might have a quicker and smoother 
recovery from anaesthesia. 

Our understanding of liver enzymes and how they may be 
influenced by foreign substances has improved considerably 
over the last decade and has been the subject of several 
reviews.” °° Liver enzymes are induced or inhibited by a 
number of commonly used drugs, environmental chemicals, 
for example insecticides, petroleum products and solvents, 
as well as foodstuffs, which may therefore interfere with 
recovery from anaesthesia. 
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There are a number of well-known serious pharmaco- 
logical interactions, which occur as a result of P450 
inhibition. For example, cimetidine, which is a non-specific 
inhibitor of several CYP isoenzymes, can interfere with the 
breakdown of a number of substances including non- 
depolarizing muscle relaxants,*! and warfarin,>” leading to 
prolonged paralysis and excessive anticoagulation respect- 
ively. Another potentially fatal interaction, caused by a 
cardiac dysrhythmia, is that involving the macrolide anti- 
biotic, erythromycin, which inhibits CYP3A4, and the 
commonly used antihistamine, terfenadine.*? The combined 
use of these two substances can lead to prolongation of the 
QT interval thereby triggering a specific arrhythmia known 
as torsade de pointes. An identical problem results when 
excessive amounts of grapefruit juice are consumed while 
taking terfenadine.*4 Grapefruit juice is known to contain 
the bioflavanoid, naringin. These bioflavanoids are a group 
of naturally occurring substances which are thought to be 
responsible for inhibiting CYP3A4,”° which is also respon- 
sible for metabolizing benzodiazepines and opioids such as 
alfentanil.’> Of interest has been the recognition of the 
ability of these substances also to block enzymes of the 
CYP2 family.*° On the other hand, cruciferous vegetables 
such as cabbage, brussel sprouts, and cauliflower, contain 
indole-3-carbinole which is a potent inducer of CYP1A2,”” 
but they also contain phenethyl isothiocyanate which is an 
inhibitor of CYP2E1.'° Another inhibitor of CYP2E1 is 
dihydrocapsaicin which is found in red peppers.” A subject 
undergoing anaesthesia having recently consumed large 
amounts of this substance may have an unexpectedly long 
recovery and if also a smoker may lose his protection 
against PONV. 

Alcohol intake before an anaesthetic is also a hitherto 
underestimated factor, which probably is as important as 
tobacco in determining the risk of PONV. Not only is 
alcohol a potent inducer of CYP2E1, significant increases in 
the enzyme appearing after only a single ingestion,*® but 
there 1s a curious synergy between alcohol and tobacco. The 
incidence of alcoholism is 10 times more likely in smokers”? 
consistent with the concept that smoking increases ethanol 
consumption.*° It would be interesting to speculate that 
hitherto disregarded patient factor for PONV might be 
dietary preference and alcohol intake on the evening before 
surgery. 

Liver enzyme status may be subject to genetic poly- 
morphism, with the expression of a number of liver enzymes 
being dependent on factors such as sex and racial differ- 
ences. For example, the activity of CYP2D6 (debrisoquine 
4-hydroxylase) which is responsible for the metabolism of 
many drugs, including some opiates, such as codeine, !5 ae 
which are known to cause PONV, varies widely along racial 
lines. The prevalence of the poor metabolizer approaches 
10% among Caucasians but is virtually zero in Japanese 
subjects.*! The breakdown of nicotine is determined by the 
level of CYP2A6 (coumarin-7-hydroxylase), the activity of 
which is also determined to some extent by genetic 


background.*? CYP2E1 may also be subject to genetic 
polymorphism,*? which could explain interindividual dif- 
ferences in the tolerance to anaesthetic agents. Finally, an 
interesting cause of CYP2E1 induction is obesity,“* which 
might also therefore confer resistance to PONV. It might 
explain the association between halothane hepatitis and 
obesity,*> which is known to occur as a result of a reaction to 
a trifluoroacetyl metabolite of halothane. *° 

In summary, enzyme induction is an important mechan- 
ism that may influence the breakdown of a number of 
volatile and non-volatile anaesthetic agents. The extent to 
which liver enzymes are induced will determine the rate and 
possibly the quality of recovery. There are interindividual, 
racial, and sex-related differences in the activity of liver 
enzymes including CYP2E1, and this could explain some of 
the differences in recovery from anaesthesia. There are a 
number of pharmacological, dietary, and environmental 
substances including cigarette smoke that can induce or 
inhibit CYP1A2 and CYP2E1. The way in which an 
individual responds to an anaesthetic will depend on a subtle 
interaction of his or her genotype together with these 
exogenous factors. A novel approach to improving outcome 
after anaesthesia may be by targeting enzymes pre- 
emptively with specific inducers to alter their activity and 
thereby mimic the apparent advantage of the smoker 
without running the other risks to which he is exposed. 
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Background. Isoflurane (0.25%) in premixed nitrous oxide and oxygen 50/50, v/v, (IN2O), has 


been suggested for pain relief in labour. 


Methods. Possible phase separation of this mixture was studied by analysis of samples from 


pre-filled cylinders as they were cooled. 


Results. Condensation of isoflurane was found at 3.1°C In a cylinder, which held 8.7 MPa at 
15°C. In a cylinder holding 13.8 MPa, which Is the standard filling pressure stipulated by the 
National Health Service, the condensation temperature was —2.3°C. At the highest cylinder 
filling pressure investigated (14.15 MPa) the separation temperature was even less, ~3.0°C. 
After exposure of cylinders to -40°C and complete phase separation of the mixture, complete 
mixing was achieved by 24 h storage in the horizontal position at room temperature and, either 
three complete inversions of the cylinder or mechanical rolling at 30 r.p.m. 


Conclusions. These findings should assist the use and storage of INO. 
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The addition of 0.2-0.25% isoflurane to premixed nitrous 
oxide and oxygen, 50/50, v/v, is helpful for the relief of pain 
in labour.’ Isoflurane and a 50% mixture of nitrous oxide 
in oxygen can be premixed together in the same storage 
cylinder at economical filling pressures and that such a 
mixture can be self-administered safely during labou? and 
for pain relief during the removal of chest drains.* 
Premixing anaesthetic agents with oxygen, stored under 
pressure in a single cylinder, allows a simple and safe 
method of administration but phase separation caused by 
cooling means that precautions are required for storage and 
handling. The characteristics of phase separation in a multi- 
component gas mixture are complex and alter with pressure. 
For example, if a cylinder of 50% nitrous oxide and oxygen 
(Entonox™), which is filled to 13.8 MPa at 20°C, is then 
cooled to -7°C, separation of nitrous oxide begins and a gas/ 
liquid interface is formed. If the cylinder is partly emptied 
before cooling, for example to 11.7 MPa at 20°C, separation 
begins at the higher temperature of —5.5°C. Further 


emptying reduces separation temperature again. This 
behaviour of individual gas mixtures is unpredictable. 
Experiments to determine phase separation at different 
temperatures and pressures are required.°’ We developed a 
technique of continuous sampling during externally applied 
cooling to measure separation of 0.25% isoflurane in equal 
parts of oxygen and nitrous oxide (IN2O) and derived a 
partial phase envelope curve. 


Methods 


Phase separation experiments 


A chrome molybdenum steel pressure cylinder of a nominal 
10-litre water capacity (Faber, British Standard 5045), 535 
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Fig 1 Variable scale broken diagram of test cylinder showing dip-tubes 
A and B, gas sample pathway from bottom of cylinder. C and D, gas 
sampling and filling pathway from the top of the cylinder. E and F, 
insertion pathway for thermistor probe into closed end dip-tube. G, 
shrouded thermistor probe on surface of cylinder. 


mm Jong, was fitted with a brass head drilled through with 
four ducts. Dip tubes reaching within the cylinder were 
connected to three of the ducts, only two of which were used 
in this project (Fig. 1). With the cylinder standing upright, 
gas could be sampled through the ducts from two different 
levels within. Gas sampling from the top was via a duct 
opening directly from the head into the cylinder. Gas 
sampling from the bottom was through a 1.5-mm internal 
diameter dip tube with a notched tip touching the inner 
surface of the cylinder. Both ducts led to their own stop 
valves attached to the brass head, and then on to tapered 
needle metering valves (Nupro ‘S’ Series Fine Metering 
Valve with a 0.79 mm orifice). A 4.72 mm internal diameter 
dip tube with a blind end reached 6.5 mm clear of the 
cylinder bottom. It held a thermistor probe (Yellow Springs 
series 400) calibrated against a mercury thermometer 
(National Physical Laboratory) for measuring the gas 
temperature internally in the most dependent part of the 
cylinder. 
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Fig 2 Trace of part of a recording of a cooling experment. The upper 
trace 1s internal cylinder temperature and 1s offset to the left by the chart 
recorder pen position First dew formation 1s indicated by the decrease in 
isoflurane concentration at A. Heavy vapour formation 1s indicated by the 
increase in concentration at B, which 1s then stopped by closing the valve 
at END. The internal cylinder temperatures at which A and B occur are 
at X and Y, respectively, offset ın position by the chart recorder. The 
weight of gas in the cylinder at point A was 1361 g. 


The cylinder was attached to a gas filling manifold 
assembly and evacuated (Edwards Speedivac 2 vacuum 
pump). Forty-eight grams of isoflurane were weighed out 
(Sartorius 1773) at room temperature and injected into the 
cylinder from a glass syringe through a septum, which was 
then isolated from the filling system by a quarter-turn brass 
ball valve (Whitey). The cylinder was then set on a 
weighing scale (Sartorius IB 31000P) and filled with 
3529 g of Entonox™ from a bank of cylinders to give a 
cylinder pressure of 14.35 MPa at 15°C. These quantities 
were calculated to give a final concentration of 0.25% 
isoflurane at standard atmospheric pressure and tempera- 
ture. 

Sampling tubes were attached to the cylinder head needle 
valves and a thermostatically controlled water circulator 
(Grant FH15) circulated warmed anti-freeze solution 
through plastic tubing coiled around the vaives and attached 
tubing in order to prevent condensation of the test mixture 
after it had been sampled from the cylinder. After the 
warming coils were applied, the sampling arms were 
insulated with several layers of reflective plastic foil. 

The test cylinder was cooled in a deep freeze chest 
(Derby), rated to operate at -40°C, within which an electric 
fan was used to circulate the air and a heat gun was used to 
slow cooling if it became too rapid. Three thermistor probes 
(Yellow Springs Instruments series 400) were calibrated 
against a mercury thermometer (National Physical 
Laboratory) and used for temperature recording. One was 
placed on the external surface of the cylinder half way along 
its length. It was shielded with a block of polystyrene foam 
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Table 1 Temperatures at which isoflurane dew and heavy vapour first 
formed during cooling, related to the amount of INO gas im the cylinder at 
first dew formation 


Weight of IN20 gas Temperature (°C) 

in cylinder 

(g) At first dew At heavy vapour 
3499 -30 -3.4 
3481 -3.0 -3.4 
3466 -2.9 -34 
3090 -06 -1.3 
3027 -0.6 -13 
2815 07 0.0 
2620 15 03 
2598 14 04 
2358 24 1.0 
2189 27 10 
2143 2.8 09 
1975 = 30 1.2 
1830 3.0 11 
1824 26 09 
1738 _ 29 0.9 
1471 26 02 
1361 2.4 00 
1297 2.2 -0.9 
1179 1.0 -18 
1134 18 -2.5 
1037 -0.4 -3.1 
964 -0.4 -40 
7196 -24 68 
715 -3.1 -80 


backed with a 9 cm diameter pad of closed cell 4-mm-thick 
neoprene foam. Two more temperature probes were placed 
within the freezer cabinet for observing the circulating air 
temperature both close to floor and at close to lid levels. 
Three series of experiments were performed. Before 
each, the test cylinder was filled as described above and then 
lowered into the deep freeze. The lid was closed on top of 
the wires and tubes trailing over the edge, and continuous 
gas sampling was commenced in anticipation of the changes 
in isoflurane concentration. Gas flow from the sampling 
arms was checked at intervals and the metering valves were 
adjusted to allow a flow of approximately 1 g of IN20 per 
minute using a specially marked flow meter. The gas 
sampled was analysed with an infra-red analyser (Datex 
Normac AA-102) for isoflurane and a paramagnetic 
analyser (Servomex type 570A/580A) for oxygen. Output 
signals from the analysers and thermistors were recorded on 
a flat bed recorder (Rikandenki RO3). 
` The temperature of the cylinder was allowed to decrease 
until a change in the concentration of isoflurane measured 
indicated the start of separation of the gas mixture. The first 
formation of isoflurane dew was taken to occur as soon as 
the concentration of isoflurane in the bottom sample began 
to decrease (Fig. 2). It was assumed that this was caused by 
isoflurane being lost as dew from the gas flow entering the 
dip tube becoming attached to immediately adjacent cold 
surfaces. The next stage is the formation of heavy vapour in 
the bottom part of the cylinder. As this happens, the 
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Fig 3 The effect of change in weight (filling pressure) of the contents of 
a cylinder of IN20 on the temperatures at which dew formation begins 
and heavy vapour is formed. 


concentration of isoflurane in the bottom sample increases 
and the concentration in the top sample decreases. The first 
formation of heavy vapour was noted when the decrease in 
isoflurane concentration stopped and a sustained increase 
had started (Fig. 2). The final stage is the formation of a pool 
of isoflurane liquid in the bottom of the cylinder. This 
contaminates the sampling system with large quantities of 
liquid isoflurane, which are then difficult to get rid of, so 
cooling was not allowed to progress to this stage. The valve 
on the sample path was closed and cooling stopped when the 
isoflurane concentration had increased to more than 0.3% 
and before liquid isoflurane had formed in the bottom of the 
cylinder. 

After each experiment within a series, a measured 
quantity of gas was released to reduce the contents before 
the next experiment. The cylinder was then warmed, rolled 
at 30 r.p.m. for 30 min and allowed to stand overnight so 
that it would achieve a uniform temperature. The next 
morning the cylinder was weighed, its internal temperature 
and pressure recorded and another cooling study was done 
after a sample of the mixture had been analysed. 


Remixing cylinder contents after their separation as 
a result of cooling 


Two 12.2-litre capacity cylinders were used. They were 
filled with 54 g isoflurane and 4001'g Entonox™ to give a 
homogenous concentration of 0.25% isoflurane and then 
cooled to -40°C in a deep freeze chest for at least 24 h. This 
causes separation of isoflurane and nitrous oxide to form a 
pool of liquid in the dependent portion of the cylinder. The 
cylinders were then removed and stored either in the vertical 
or horizontal position for some time at room temperature 
before being checked. Mixing of cylinder contents was then 
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Table 2 Data from IN2O (0.25% isoflurane and 51% oxygen) freezing and 
recovery experiments 


Time Isofturane Oxygen Cylinder Contents Surface 
sample position start/end temperature 
measured 

(%) (%) W CO 
Tested 25 h 43 min after removal from freezer. motionless recovery ın 
horizontal position at ambient temperature 


16.54 0.27 50 Honzontal 3796/ 187 
17:00 0.11 55 Upnght 18.6 
17 05 0.39 47 Inverted 

17-11 0.16 54 Upnght 

Cylinder rolled for 5 min at 30 revolutions mun™ 

17.43 0.25 51 Upnght 

17.46 025 51 Inverted 

17°48 0.25 51 Upnght 771 


Tested 29 h after removal from freezer. motionless recovery n upnght 
position at ambient temperature 


15°59 0.01 79 Upright 3759/ 17.5 
16:03 0.015 TI Honzontal 12.5 
16°08 0.52 27 Inverted 

Cylinder up-nghted and then inverted three times 

16:15 0.18 58 Upright 13.0 
16°19 0.30 46 Inverted BIT 

Cylinder rolled for 10 mın at 30 revolutions min™ 

17 00 025 51 Upright 3717/ 

17 04 025 51 Inverted 13704 


attempted either by three complete inversions of the 
cylinder or by rolling the cylinder at 30 r.p.m. for 5 min. 
The contents of the cylinder were regarded as homogenous 
when the concentration delivered was unchanged by 
inverting the cylinder. Thermistor probes were attached to 
the cylinder surface at its mid-point in order to detect the 
temperature fall during inversion, which would be caused 
by the partial re-vaporization of agitated liquid contents. 
Gas analysis with the cylinder inverted was not carried out if 
there was free liquid in the cylinder. The cylinder contents 
were then mixed by either rolling at 30 r.p.m. or by repeated 
inversions. Each cylinder was used in each of the four test 
conditions. 


Results 


Phase separation experiments 


The temperatures at which dew and then heavy vapour 
started to form during cooling, related to the weight of the 
IN2O contained at the onset of dew formation, are shown in 
Table 1. Related to the weight of the gas mixture in the 
cylinder, they have a typical dome shape for the phase 
interfaces (Fig. 3). When the contents of the cylinder 
correspond to a filling pressure of 13.8 MPa absolute at 
15°C (i.e. commercial filling pressure), the first formation of 
dew and then of heavy vapour occurred at -2.3 and —2.7°C, 
respectively. A further reduction in the cylinder -contents 


Table 3 Data from IN,O (0.25% isoflurane and 50% oxygen) freezing and 
recovery expenments. Oxygen was not measured in the first part of this 
experiment 


Time Isoflurane Oxygen Cylinder Contents Surface 
sample position start/end temp. 
measured 

(%) (%) @) (°C) 
Tested 24 h after removal from freezer: motionless recovery ın horizontal 
position at ambient temperature 
14.56 0.23 Honzontal 3860 
14:59 0.10 Upright 17.5 
15:07 0.35 Inverted 
15:12 018 Upright 
Cylinder up-righted and then inverted three times 
15.17 0.25 Upright 
15:23 0.26 Inverted 
15.25 025 Upnght 13829 17.0 


Tested 25 h after removal from freezer: motionless recovery ın upnght 
position at ambient temperature 


14:20 0.01 TI Upright 3829/ 167 
14:25 0.07 59 Honzontal 

Cylinder rolled for 5 min at 30 revolutions min™! 

14:45 0.17 60 Upnght 128 
Cylinder rolled for 5 min at 30 revolutions mn! 

15 00 024 51 Upnght 137 
15:04 0.26 49 Horizontal 

15:08 0.26 50 Inverted 

15:12 0.25 51 Upright 14.3 
15:16 0.25 SO Inverted 

15.26 025 50 Upright 13783 


gave a maximum temperature for first dew and for heavy 
vapour formation of at +3.1 and +1.3°C when contents were 
equivalent to filling pressures of 8.7 and 9.5 MPa, respect- 
ively (Fig. 3). The concentration of isoflurane in the test 
cylinder was measured as 0.25% both at the beginning and 
end of each series of experiments for each of the three 
cylinder fillings used. 


Remixing cylinder contents after their separation 
because of cooling 


There was detectable non-homogeneity of cylinder contents 
after both 24 and 48 h at room temperature in the horizontal 
position but no indication of the presence of a liquid phase. 
After the 24 h test, complete mixing was achieved either by 
rolling for 5 min at 30 r.p.m. (Table 2), or by three complete 
inversions of the cylinder (Table 3). After 24 h storage in the 
vertical position, a decrease in surface temperatures of the 
cylinders on the first inversion indicated the presence of 
liquid. The concentration of isoflurane was 0.52% and the 
concentration of oxygen was 27% in the sample taken on the 
first inversion. An even mixture was not achieved either by 
three complete inversions (Table 2) or by 5 min rolling 
(Table 3) but was restored after 10 min rolling (Tables 2 and 
3). 
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Discussion 


Condensation occurs in a gas when the saturated vapour 
pressure of the compound in question is exceeded. The 
saturated vapour pressure of nitrous oxide is 5.5 MPa at 
20°C at atmospheric pressure? but in a mixture of 50% 
nitrous oxide in oxygen at 13.7 MPa the partial pressure of 
nitrous oxide is 6.85 MPa without condensation. Further, 
the mixture is stable down to —-7°C. We have identified a 
similar increase in the saturated vapour pressure of 
isoflurane when mixed with 50% nitrous oxide in oxygen. 
The saturated vapour pressure of isoflurane at atmospheric 
pressure and 20.91°C is 33.41 kPa.” Yet at a pressure of 
14.15 MPa a partial pressure of 35.38 kPa can exsist in the 
gaseous phase and the mixture is stable down to a 
temperature of ~3.1°C. 

Two effects explain this behaviour. The application of 
pressure to the condensed phase of a substance causes 
its vapour pressure to rise. This effect was first 
described by Poynting and is named after him.'° In 
addition, gas phase molecules attract molecules out of 
the condensed phase by the process of gas solvation.!! 
In high-pressure gaseous mixtures it is correct to think 
of the components as dissolved in each other. We 
studied the relative contribution of solvation and the 
Poynting effect in mixtures of isoflurane and 50% 
nitrous oxide in oxygen. At 10 MPa and 20°C the 
saturated vapour pressure of isoflurane was 95 kPa, an 
increase of 63 kPa from the saturated vapour pressure at 
atmospheric pressure. The Poynting effect predicted an 
increase in vapour pressure of 22 kPa at this pressure 
and so an increase of 41 kPa could be attributed to gas 
solvation. The solvent property of a gas depends on its 
density, which increases with pressure and so higher 
cylinder pressures are associated with greater solvent 
power of the gas. However. the increase in solvent 
power of the gas phase may not be enough to prevent 
condensation if a fixed concentration is studied and at 
pressures up to 9.35 MPa 0.25% isoflurane becomes 
progressively less thermally stable. At higher pressures, 
however, there is a progressive improvement in stability 
indicating that the solvent capacity of the gas mixture 
increases. 

Although the phase behaviour of multiple component 
gas mixtures can be estimated by modelling techniques 
we have found it easier and more direct to adopt an 
experimental approach.” This study has partially 
defined the phase diagram for the behaviour of 0.25% 
isoflurane in a mixture with equal parts of nitrous oxide 
and oxygen. A phase diagram is a map of the ranges of 
pressure and temperature at which each phase of a 
substance is the most stable (that is, has the lowest 
Gibbs energy).'' The cricondentherm is the maximum 
temperature of a multi-component system at which 
liquid and vapour can exist in equilibrium, and above 
which liquid cannot be formed regardless of pressure. 


The cricondenbar is the maximum pressure at which 
liquid and vapour can co-exist.” At a temperature above 
its cricondentherm or at a pressure above its criconden- 
bar a mixture must be in a homogeneous phase. 

We have defined the cricondentherm of IN,O as 
3.1°C. Importantly, we have shown that this occurs at a 
pressure typical of a cylinder that is between one-half 
and two-thirds full (assuming a usual cylinder pressure 
for medical gas of 13.8 MPa). The temperature at which 
separation will start to occur in a full cylinder is 
—2.3°C. In other words the contents of a full cylinder 
are more stable with respect to temperature than of one 
that is partially used. This has important implications for 
the transport, storage and use of IN,O. An ambient 
outside temperature of —2.3°C is not unusual in the UK 
and so storage or transport in unheated areas would 
have to be avoided. An alternative approach might be to 
increase the cylinder filling pressure for the mixture, as 
this would make it more stable. Once the cylinder is in 
use, the thermal stability decreases until the cylinder 
pressure reaches 8.7 MPa. Further use improves stability 
again. Once a cylinder is in use it should be kept where 
ambient temperature cannot fall below 3.1°C. The 
freezing and recovery experiments show that the separ- 
ated premixed gases are stable and that mechanical 
mixing after re-warming is necessary. It is better to 
store cylinders in the horizontal position. 
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Background. Isoflurane (0.25%) in premixed nitrous oxide and oxygen. 50/50, v/v (IN2O), has 
been suggested for pain relief In labour. Possible phase separation of the mixture was studied 
during simulated administration. 


Methods. A sinusoidal pump set at stroke volume of 2 litres and a rate of 20-22 bpm and cyc- 
ling for | min in three was used to simulate breathing during the painful contractions of labour. 


Results. The temperature inside a {0-litre capacity cylinder did not drecrease sufficiently to 
cause separation of the gas mixture. Temperature In the demand valve decreased to —15.5°C 
and this caused a small amount of liquid formation within the valve. Accordingly, the inspired 
concentration during the first breath of mixture in a cycle could be transiently as high as 0.55%. 
The concentration observed at the patient connection after the first breath varied between 
0.17 and 0.28%. 


Conclusions. The system delivered a clinically acceptable performance although further devel- 
opment to avoid liquid condensation is needed. 
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The addition of 0.2-0.25% isoflurane to premixed nitrous 
oxide and oxygen, 50/50, v/v N20), is helpful for the relief 
of pain in labour’? and for the removal of chest drains.? 
Isoflurane and the proprietary preparation of 50% nitrous 
oxide in oxygen (Entonox™) can be premixed together in 
the same storage cylinder at economical filling pressures.* 
Premixed anaesthetic agents and oxygen, stored under 
pressure in a single cylinder, allows simple administra- 
tion of a fixed dose of agent, but temperature reduction in 
the demand valve and in the cylinder during use may 
cause phase separation. Rapid removal of gas from a high- 
pressure cylinder causes cooling which can cause frosting of 
the cylinder and attached equipment. For IN,O, if the 
temperature in a cylinder decreased below the separation 
temperature during use, it would become unsafe. Similarly, 
if the temperature of the delivery valve decreased below the 
separation temperature, then the volatile agent would 
condense and the characteristics of the mixture delivered 
might change. We studied how a full cylinder of INO gas 
cools during simulated use and the concentration of 
isoflurane delivered. 


Methods 


Simulated use experiments 


Isoflurane concentration and temperature in the 
administration set 

A chrome molybdenum steel cylinder of nominal 12.2-litre 
water capacity rated to a working pressure of 20.7 MPa 
gauge (Faber, British Standard 5045) was used. The 
cylinder was filled with 4046 g (14.30 MPa at 15°C) of 
0.24% isoflurane in a proprietary mixture of 50% nitrous 
oxide in oxygen (Entonox™, BOC Ltd) and fitted with a 
demand valve and administration set (Ohmeda). The patient 
connection of the breathing set was attached to the bag of a 
5-litre ‘bag in bottle’ system with one-way valves attached 
to form as a patient simulator. The bottle was connected to a 
sinusoidal pump (P.K. Morgan Ltd. DEV2). The breathing 
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Fig 1 Vanable scale broken diagram of breathing circuit and patient 
simulator. A and B, inserted gas sampling tubes; C and D, inserted 
thermistor probes within the Entonox™ breathing hose. V, position of 
demand regulator (Entonox™ valve) connecting gas cylinder to hose; P}, 
patient end of breathing hose; P}, connection point of patient end to 
‘bag-in-bottle’ with uni-directional valves shown, E, closed off 
expiratory cap on Entonox™ hand-piece; F, connection to sinusoidal 
pump for actuating the ‘bag-in-bottle’ (patient simulator). 


set used was of the standard type of corrugated black rubber 
fitted with an elbow connector (22 mm ID taper) at one end 
for connecting to a demand regulator, and an Entonox™ 
hand-piece (22 mm OD taper) at the other end. The hose was 
1.5 m in length with an internal volume of approximately 
750 ml (Fig. 1). 

The volume of the IN,O gas mixture pumped out of the 
exhalation port of the patient simulator was measured by a 
dry gas meter (Harvard) before being dumped through a 
passive scavenging system. The gas samples were analysed 
with an infra-red analyser (Datex Normac AA-102) for 
isoflurane: and a paramagnetic analyser (Servomex type 
S70A/580A) for oxygen. Nitrous oxide concentration was 
calculated by the difference. Output signals from the 
analysers and thermistors were recorded on flat bed 
recorders (Rikandenki RO2 and RO3).. Data points were 
taken from the recording paper. The recording pen was set at 
a gain of 25 mm per 0.1% isoflurane or per 5°C. 

Gas was sampled for analysis at both ends of the 
breathing hose and temperature in the gas flow was 
measured by thermistors at the same points. A third 
thermistor probe was placed on the surface of the cylinder 
at its mid-point and was shrouded by a block of polystyrene 
covered in turn by a 5 cm diameter patch of 4 mm closed 
cell neoprene. A fourth probe recorded the room tempera- 
ture at workbench level. All thermistor probes (Yellow 
Springs Instruments series 400) were calibrated against a 
mercury thermometer (National Physical Laboratory). Gas 
sampling was intermittently switched between the ‘patient 
end’ (hand-piece), and the ‘valve end’ (elbow connector). 
The sinusoidal pump was set to a tidal volume of 2 litres and 
a rate of 21 strokes min”! and-switched on for 1 min and off 
for 2 min by an automatic timer until the cylinder was 
empty. The experiment was conducted after the -12-litre 


cylinder had stood overnight and its external temperature 
was 20°C. 


Internal cylinder temperature and isoflurane concentration 
We used a 10-litre test cylinder, fitted with dip-tubes, as 
described previously.’ It contained 3528 g (14.20 MPa at 


15°C) IN,O gas (containing 0.25% isoflurane). It was 


attached to the patient simulator via the Entonox™ demand 
regulator and breathing hose and emptied by the sinusoidal 
pump as described above for the 12.2-litre cylinder, but at 
22 strokes min™’. The cylinder and its appendages rested on 
electronic weighing scales (Sartorius IB 31000P) and the 
weight of the cylinder assembly and the volume of expired 
gas were recorded for each 3-min cycle. Internal and 
external cylinder temperatures were continuously recorded. 

Three thermistor probes (Yellow Springs Instruments 
series 400) were calibrated against a mercury thermometer 
(National Physical Laboratory) and used for temperature 
recording. One was placed in a 4.72 mm internal diameter 
dip tube with a closed end that reached to 6.5 mm above the 
cylinder bottom. This measured the gas temperature intern- 
ally in the most dependent part of the cylinder. Another was 
placed on the external surface of the cylinder half way along 
its length. It was shielded with a block of polystyrene foam 
backed with a 9 cm diameter pad of closed cell 4 mm-thick 
neoprene foam. The remaining sensor was used to measure 
room temperature. 

Minimum temperatures, at the end of each cycle, were 
measured from the recording chart. The isoflurane concen- 
tration was continuously recorded alternately, from the 
distal (patient) end of the breathing hose and from inside the 
bottom of the cylinder via the long dip-tube. 


Results 


Isoflurane concentration and temperature in the 
administration set 


Isoflurane concentration at the demand valve 

The duration of the experiment was 201 min and measured 
pump output was 2797 litres. During the 1 min of breathing 
‘on’ phase of the 3 min pump cycle, the temperature in the 
gas flow at the valve end of the hose decreased, the 
minimum temperature reached being —15°C (Fig. 2). The 
temperature at the patient end of the hose did not decrease 
below 15.3°C. Temperature changes at the patient end were 
minimal, the maximum change being 0.7°C. Values of the 
lowest temperature in each cycle are plotted (Fig. 2). The 
decrease of temperature in the demand valve caused 
condensation of isoflurane on cold surfaces so that during 
the 2 min ‘breathing off cycle, as the valve temperature 
increased, condensate evaporated causing an increase in 
concentration to a plateau level which did not exceed 0.55% 
and decreased during the experiment. This concentration 
decreased abruptly at the commencement of the first 
inspiration and was followed by a fluctuating pattern of 
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Fig 3 Isoflurane vapour concentrations at the valve and the patient ends 
of the breathing hose at the beginning of a ‘breathing on’ cycle (20 pump 
strokes at 2 litres stroke *). 


isoflurane concentration during the 1 min ‘breathing on’ 
period (Fig. 3). 


Isoflurane concentrations at the patient connection 

During the 2 min ‘breathing off cycle, continuous gas 
sampling showed a slight and gradual decrease of isoflurane 
concentration. This increased sharply to a peak at the start of 
the first inspiration, which was followed by a fluctuating 
pattern of isoflurane concentration during the 1 min 
‘breathing on’ cycle (Fig. 3). The peaks of isoflurane 
vapour concentration at first inspiration at the patient end of 
the hose did not exceed 0.4%. However, analysis was 
alternated between the patient and valve end of the hose and 
greater concentrations could have been present. The fluc- 
tuating pattern had a minimum of 0.17% recorded at 12 min 
and a maximum of 0.28% recorded at 57 min into the 
experiment. The variation in delivered concentration of 
isoflurane was greatest when the cylinder was full and 


virtually ceased when the temperature at the valve end of the 
breathing hase decreased to less than 3°C at the end of each 
‘breathing on’ period. The contents of the cylinder showed 
no difference in the concentration of isoflurane in the 
cylinder between a sample taken at the beginning and one 
taken at the end of the experiment, indicating that no 
condensation of isoflurane had occurred in the 12.2-litre 
cylinder during the experiment. 


Simulated use experiments: measurement of internal 
temperature and isoflurane concentration during 
cylinder emptying experiment 

The experiment was conducted after the special 10-litre 
cylinder had stood overnight and its internal temperature 
was 16.2°C. During the experiment, room temperature rose 
from 16.1°C to a maximum of 18.9°C. At the end of the 
experiment when the pump was labouring to obtain gas 
through the system the pump was switched off. There was 
sufficient residual pressure within the cylinder to release 7 
litres of gas containing 0.25% isoflurane, confirming that 
there had been no change in the concentration of isoflurane 
within the cylinder from beginning to end. Excluding the 
residual 7 litres, the total expired gas volume was 2460 litres 
for 56 cycles of 3 min each, equivalent to 43.93 litres for 
every minute: the pump was on, representing constant 
emptying rate of 14.64 litres min™. The rate of cylinder 
emptying was linear as was the weight reduction of the 
cylinder contents, and was not affected by the marked 
frosting of the demand regulator, which occurred during the 
first half of the experiment. From the twelfth cycle onwards, 
the falling internal temperature curve from the experiment 1s 
shown with the dew curve‘ in Figure 4. It shows that the 
temperature fall during the experiment did not reach any 
point where phase separation could occur. This was 
confirmed by the consistency of the isoflurane sampling 
record throughout the experiment, both from the patient end 
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Fig 4 The cooling curve of the temperature (recorded internally at the 
bottom of the 10-btre cylinder), in the emptying experiment 
superunposed on the dew curve for IN2O (the temperature in the cylinder 
at which isoflurane starts to condense) * 


of the breathing hose and from the bottom of the cylinder via 
the long dip tube. The concentration of isoflurane was 
0.25% in the cylinder gas both at the start and at the end of 
the experiment. 


Discussion 

We measured aspects of the performance of IN2O delivery 
using a sinusoidal pump stroke volume of 2 litres. The rate 
was 22 strokes min” for the special 10-litre cylinder. The 
peak inspired flow to the pump was therefore 138 litres 
min. An on-off cycle of 1 min on and 2 min off was 
chosen. The total volume of gas used was 2460 litres over a 
period of 168 min. These values were chosen to model the 
breathing pattern seen in the second stage of labour. 
Measurements have shown a peak inspiratory flow of 
140.6 litres min™!, tidal volume of 866 ml and a ventilatory 
frequency of 20 breaths min™’, with contractions lasting 46 s 
with an interval between contractions of 2 min.* The mean 
consumption of a 50% nitrous oxide in oxygen mixture 
during labour in primiparous mothers was 764 litres with a 
maximum of 2580 litres. A representative period of time 
over which gaseous analgesia was used was the last hours of 
first stage and a second stage of 30 min.° Apart from peak 
inspiratory flow, therefore, the bench model exceeded mean 
values. In clinical use it would be unlikely that the model 
could be sustained for 168 min. If mean values for the use of 
50% nitrous oxide are applied, the amount of gas used in the 
experiment would be typical of that used by three average 
primiparous mothers. In practice, therefore, the degree of 
cooling demonstrated during the bench experiments would 
be unusual. 

We measured internal cylinder temperature during simu- 
lated use in order to see whether it would drop below the 
cricondentherm. (The cricondentherm is the maximum 
temperature of a multi-component system at which liquid 


and vapour can exist in equilibrium, and above which liquid 
cannot be formed regardless of pressure. The cricondenbar 
is the maximum pressure at which liquid and vapour can co- 
exist.° At a temperature above its cricondentherm or at a 
pressure above its cricondenbar a mixture must be in a 
homogenous phase.) This did not happen and there was no 
separation of the isoflurane component of the gas mixture. 
Accordingly, we did not expect separation of the mixture 
during clinical use and residual gas analysis of cylinders 
returned from clinical use confirmed this. 

The temperature decrease in the cylinder depends on a 
number of factors. Gas expansion in the cylinder causes an 
adiabatic decrease in temperature that is related to the 
reduction in pressure. Gas expansion through the demand 
valve causes local cooling and heat will be lost from the 
cylinder contents into the metal so cooled. On the other hand 
heat passes into the cylinder contents from the cylinder itself 
initially and then from the environment through the cylinder 
wall to offset these two factors. The cylinder used for this 
experiment was 10 litres nominal water capacity. Clearly 
the temperature changes in either larger or smaller cylinders 
will be different. In larger cylinders, the rate of pressure 
decrease will be less although the heat lost through a cooling 
demand valve will be the same. The heat available from the 
metal of the cylinder and through the cylinder wall will be 
greater because of its larger mass and surface area. As 
temperature decrease is related to pressure decrease this will 
be less in a larger cylinder. The converse is true for small 
cylinders and if breathing volumes are kept the same, the 
temperature in a small cylinder will decrease much more 
than in a large cylinder. Therefore, although our experiment 
indicates that condensation of isoflurane in a 10-litre 
cylinder is very unlikely, the same may not be true for 
smaller cylinders and further study would be needed if such 
cylinders were to be used clinically. 

Saturated vapour pressure is temperature dependent and 
during the simulated use experiments the airflow tempera- 
ture dropped to —15°C at the demand valve end of the 
administration circuit. During the use of the proprietary 
mixture Entonox™ the temperature of the demand valve 
may decrease to less than -20°C without affecting the 
function of the valve or the composition of the mixture 
delivered.’ At —15°C the saturated vapour pressure of 
isoflurane is 3.5 kPa and that of nitrous oxide is 2112 kPa.’ 
The pressure in the first stage of the demand valve is 1461 
kPa and so the partial pressure of 0.25% isoflurane is 3.65 
kPa and 50% nitrous oxide is 730.5 kPa. At temperatures of 
the order of -15°C and less, therefore, there is likely to be 
some condensation of isoflurane in the demand valve Also, 
because of the much higher pressure, there is certain to be 
small amounts of both liquid nitrous oxide and isoflurane in 
the part of the regulator before the first stage valve. This 
explains the varying concentration of isoflurane observed in 
the breathing circuit. During each stroke of the pump, the 
temperature in the demand valve is reduced. Once the 
saturated vapour pressure becomes less than the partial 
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pressure of isoflurane in the mixture, some condensation 
occurs on the cold surfaces of the demand valve. During the 
2 min rest phase, the demand valve temperature rises and, as 
the condensate vaporizes, the concentration of isoflurane in 
the gas sampled by the analyser rises. However, the 
maximum concentration seen as a result of this effect was 
0.55% at the valve end. The peak concentration seen at the 
patient end of the hose was transient and affected the first 
breath of a cycle only. 

After the transient peak at the start of a breathing period, 
the concentration at the patient end of the hose varied 
between 0.17 and 0.28% and this is comparable with the 
performance of an Oxford Miniature Vaporiser under 
similar circumstances.’ 

While the variation in delivered concentration identified 
here has caused no problem in the clinical use of IN.O, the 
condensation of isoflurane that causes it is undesirable. 
Although the present system had an acceptable performance 
for clinical work, an administration system that prevents this 
effect would be desirable. 

This agent, which has been suggested for use in pain 
relief in labour,? may be criticised for causing local 
atmospheric contamination. Although not the topic of this 
paper, the practical use of such agents should consider 
environmental control. The United Kingdom Control of 
Substances Harmful to Health Regulations (1999) place a 
statutory obligation on the users of anaesthetics to control 
the exposure of hospital staff within occupational exposure 
limits and lower if this is practicable. The addition of 
isoflurane to premixed 50% nitrous oxide in oxygen makes 
atmosphere control even more necessary than with the use 
of nitrous oxide alone as there is a requirement to consider 
the additive effects of such agent mixtures. We found it was 
possible to collect the expired gas from the expiratory valve 
of the breathing apparatus in a simple and convenient way 
using the wall suction equipment.° Other active scavenging 


systems would be as effective. In addition, our risk 
assessment of the use of the agent in a maternity suite did 
not reveal any problem before the clinical use of this 
agent./° 
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Background. Anaesthesia equipment problems may contribute to anaesthetic morbidity and 
mortality. The magnitude and pattern of these problems are not established. We wanted to 
analyse the frequency, type and severity of equipment-related problems in our department, and 
if additional efforts to Improve safety were needed. 


Methods. The study is based on a system In which anaesthesia-related data are recorded from 
all anaesthetic cases on a routine basis. The data include intraoperative problems and their 
severity. When a problem occurs, the anaesthetist responsible for the case writes a short 
description of the event on the anaesthetic chart. From all recorded cases of general and 
regional anaesthesia, we selected cases recorded with anaesthetic ‘equipment/technical 
problems’. These charts were retrieved from departmental archives for analysis. 


Results. From 83 154 anaesthetics, we found the frequency of anaesthetic equipment 
problems to be 0.05% during regional anaesthesia, and 0.23% during general anaesthesia. One- 
third of problems involved the anaesthesia machine, and in a quarter, human error was 
involved. No patient died and none suffered any lasting morbidity. 


Conclusion. The rate of equipment problems was low, and most often of low severity. Aside 
from improvements in routines for preoperative equipment checks, no specific strategies for 
problem reduction could be suggested. The incidence of equipment problems Is not a good 
quality Indicator because of the low rate of occurrence. However, recorded equipment 
problems may be useful for improving quality, by analysing causative factors, and suggesting 


preventative strategies. 
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Anaesthesia equipment is important for the safe conduct of 
anaesthesia, but equipment malfunction may also contribute 
to morbidity and mortality.” The anaesthesia machine 
has most often been involved in equipment-related 
morbidity,’ +7 and this has led to extensive use of 
preoperative checklists. Previous studies have shown that 
the frequency of equipment problems has varied from 0.2 to 
2.1%. However, study design, method of problem reporting, 
and problem classification have varied. In addition, routines 
for the preoperative checking of anaesthesia machines and 
other equipment have not been specified.*  ™™ In 1985, our 
department instituted a system for the recording of anaes- 
thetic-related data.'? We have studied equipment problems 
recorded from 83 154 consecutive cases from 1996 to 2000. 
The primary aim of our study was to analyse the frequency, 


type, and severity of equipment-related problems 1n relation 
to our current procedures for the checking of equipment and 
current working routines. We questioned whether additional 
efforts were needed to improve safety with respect to 
equipment issues. A secondary aim was to illustrate how a 
routine-based system for problem recording can simplify 
this type of continuous quality improvement in a depart- 
ment. 


Methods 


The study is based on departmental data recorded over a 
5-yr period (1996-2000) from 83 154 consecutive anaes- 
thetics. One part of our standard anaesthetic record is 
devoted to specified data fields that must be completed by 
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Uneventful 


Laryngeal spasm 
Bronchospasm 

Aspiration 

Hypertension > 30% 
Hypotension > 30% 
Arrhythmia /ECG change 
intubation difficulties 
Perforation of the dura 
Convulsions 

Tooth injury 

Allergic reaction 
Hypothermia < 35.5°C 
Hyperthermia > 39.0°C 
Bleeding > 20% 

Difficult emergence 
inadequate anaesthesia/analgesia 
Equipment/technical problem 
Cardiac arrest/CPR 

C] Oxygenation problems/hypoxaemia 
C Hypercapnia 

Drug error/syringe swap 


E 
O Other , 
Severity of problem 


Fig 1 When a problem occurs, the anaesthetist writes a short description 
of the problem on the anaesthetic chart, and marks the problem check- 
box according to problem type and seventy. 
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the end of the case. The data fields on all anaesthesia charts 
are checked for completeness and accuracy by a consultant 
anaesthetist (SF or SEG) before secretaries enter data into 
the database. A copy of the anaesthetic record is stored in 
the department. 

One of the data fields is a check-box for ‘intraoperative 
problems’ (Fig. 1), including a list of 22 common anaes- 
thetic problems, and a field for the severity. One of the 
problems is ‘equipment/technical problems’. The anaesthe- 
tist responsible for the patient writes a short description of 
the event and marks the check-box accordingly. If the case 
was ‘uneventful’, this also must be indicated. Other data 
fields relate to the patient, the operation, type of anaesthetic, 
and timing of events. 

An ‘intraoperative problem’ is defined as ‘an event that 
requires one or more measures, either to prevent further 
complications, or to treat a situation that is currently or 
potentially serious, and does not routinely occur during the 
conduct of anaesthesia’. The problem is graded according to 
severity. Severity ‘Grade 1’ is a trivial problem, ‘Grade 2’ is 
a moderately difficult problem, with some effect on the 
patient, but of a low severity. ‘Grade 3’ is a serious situation 
that either proves very difficult to handle or causes a serious 
deterioration in the patient’s state, which may or may not 
contribute to postoperative morbidity. ‘Grade 4’ problems 
are associated with a fatal outcome. 


About 16 500 anaesthetics are given in our hospital each 
year, and most types of surgery are performed (Trondheim 
University Hospital, 960 beds, annual admission rate 43 000 
patients, in 1999). In Norway, as in the rest of Scandinavia, 
the physician anaesthetist works in cooperation with a 
qualified nurse anaesthetist who has 18 months postgraduate 
education in anaesthesia. The doctor has the medical 
responsibility. Each morning the nurses do an extensive 
check of the anaesthesia machine according to departmental 
procedures. This check includes medical gas supplies, flow- 
meters, oxygen failure protection, vaporizers, machine/ 
breathing system leakage, machine/breathing system func- 
tion, ventilator, scavenging, suction and intubation equip- 
ment. Between patients a simpler check is performed. One 
nurse is working full-time to educate all staff on equipment 
issues, and the department engages two engineers for 
continuous maintenance and repair of equipment. 

The charts recorded with anaesthetic ‘equipment/tech- 
nical problem’ were retrieved from our departmental 
archives. They were sorted according to the type of 
equipment involved and analysed by the authors according 
to frequency, severity and contributory factors. We analysed 
not only cases of ‘true equipment failure’ where the 
equipment failed to perform as specified, but also equipment 
problems where ‘human error’, ‘failure to check’, or some 
form of failing ‘human—equipment’ interface was the most 
important factor. We did not include problems with surgical 
equipment or ‘technical’ problems with anaesthetic or 
surgical procedures. 

For categorical data, we used a y?-test or Fisher’s exact 
test as appropriate. We used a ‘y*-test for trend’ for testing 
trends in binomial proportions. P<0.05 was considered 
statistically significant. 


Results 


We recorded 83 154 anaesthetics during 1996 to 2000. The 
age and ASA-class of the patient and type of surgery are 
presented in Table 1. 


Frequency of equipment problems (Table 2) 


We retrieved 198 charts in which ‘equipment/technical 
problems’ were recorded. Of these, 41 were not included in 
the final analysis, as 29 cases represented difficulties with 
the actual performance of anaesthetic or surgical pro- 
cedures, six records were entered incorrectly into the 
database, two charts were missing from the archives, and 
in four cases the contributory factors of the problems were 
not described. We reviewed the resulting 157 cases of 
anaesthetic equipment problems (0.19% of all cases). These 
equipment problems represented 1.1% of all recorded 
problems (157/13 756). The occurrence of equipment 
problems was higher during general anaesthesia than 
regional anaesthesia (0.23% vs 0.05%), ın contrast to other 
(non-equipment related) problems, where the frequency was 
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Table 1 Patient characteristics—83 154 anaesthetics 








Regional anaesthetics General anaesthetics All anaesthetics 

n % n % n % 
Age 0-20 yr 308 1.5 17 357 277 17 665 212 
Age 20-60 yr 9598 467 31 974 51.1 41 572 500 
Age >60 yr 10 658 51.8 13 259 21.2 23 917 288 
ASA I 5401 263 21 079 33.7 26 480 318 
ASA I 9128 444 27 718 443 36 846 443 
ASA M 5197 25.3 9646 154 14 843 179 
ASA IV 826 40 3923 63 4749 57 
ASA V 12 0.1 224 04 236 03 
General surgery 4804 234 18 130 290 22 934 27.6 
Orthopaedic surgery 13 122 638 13 319 213 26 441 318 
Neurosurgery 18 0.1 3881 62 3899 47 
Gyn/Obst surgery 1956 95 13 256 212 15 212 183 
Other 664 3.2 14 004 224 14 668 176 
All anaesthetics 20 564 1000 62 590 1000 83 154 100 0 


Table 2 Frequency and severity of problems Higher frequency of equipment problems during general anaesthesia compared with regional anaesthesia, but 


increased frequency of ‘other problems’ during regional anaesthesia (*P<O 01) 





Regional anaesthetics 


n % 

Equipment problems 

Severity Grade 1-2 10 

Severity Grade 3 0 

Severity Grade 4 0 

Total 10 (0 05)* 
Other problems 

Severity Grade 1-2 3492 (17.0) 

Severity Grade 3 39 (0 2) 

Severity Grade 4 0 

Total 3531 (17.2)* 
All problems 3541 (172) 
All cases 20 564 


General anaesthetics All anaesthetics 
n % n % 
143 153 
4 4 
0 0 
147 (0 23)* 157 (0.19) 
9671 (15 4) 13 163 (15.8) 
343 (05) 382 (0 5) 
54 (0 i) 54 (0 1) 
10 068 (16 1)* 13 599 (164) 
10 215 (16 3) 13 756 (16 5) 
62 590 83 154 





slightly higher during regional anaesthesia (17.2% vs 
16.1%). 


‘ 


Severity of equipment problems 


As presented ın Table 3, most equipment problems (n=112) 
were trivial (Severity Grade 1). About one-quarter (n=41) 
were of intermediate severity (Severity Grade 2), and four 
were serious (Severity Grade 3). All the serious problems 
and 29 of the intermediate problems affected the patient to 
some degree (Table 4), but no patient suffered any lasting 
morbidity or needed prolonged postoperative care. 

In four cases, the problems were judged as serious 
(Severity Grade 3). In one case the ventilator was inadvert- 
ently turned off during anaesthesia. This was a new 
anaesthetic machine, where the ‘power button’ protruded 
from the cabinet, and it was inadvertently pushed by the 
anaesthetist. The ventilator stopped and the patient’s pulse 
oximeter reading decreased to 45% before the error was 


detected. In one case, the non-invasive artenal pressure 
readings were falsely high, and the patient received a large 
dose of volatile anaesthetic, while the patient in reality was 
severely hypotensive. In two cases the cardiopulmonary 
bypass machine was involved: in one there were mis- 
connection and oxygenation problems; in the other case the 
system was primed incorrectly. All these problems involved 
elements of human error. 


Types of equipment involved (Table 3) 


One-third of the problems (49/157) occurred with the 
anaesthesia machine, with the most common problem being 
leakage from, and misconnection of, the breathing system 
(n=24). Other problems included gas leakage from the 
vaporizer-machine connection (n=7), leakage in the venti- 
lator (n=8), and malfunction of the one-way valve. 

The majority of other problems occurred with invasive 
and non-invasive arterial blood pressure monitoring 
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Table 3 Type of equipment involved and seventy of problem 


Equipment involved Severity Severity Severity Total equipment 
Grade 1 Grade 2 Grade 3 problems 
n a n n 

Anaesthesia machine 26 22 1 49 

Invasive arterial pressure 14 4 18 

Non-invasive arterial pressure 14 1 1 16 

Gas analyser 12 12 

Other monitor 8 2 10 

ECG 10 10 

Cardiopulmonary bypass machine 5 2 7 

Pulse oximeter 7 7 

Endotracheal tube 4 1 5 

Infusion pump 4 1 5 

Temperature measurement 4 4 

Capnograph 3 1 4 

LY. access 1 1 2 

Central venous pressure 2 2 

Defibrillator 1 I 2 

Blood warmer 1 1 

Chest drain 1 1 

Laryngoscope 1 1 

Urometer 1 1 

Total 112 41 4 157 

Table 4 Untoward effects on the patient caused by equipment problems 

Equipment involved Problem Effect on patient n 

Anaesthesia machine Misconnection Hypoxsenua 5 
Ventilation problems Hypoxaemia 2 
Low flow m Mapleson-D system Hypercapnia 2 
Valve occlusion High airway pressure 1 
Power supply—ventilator stopped Hypoxaemia 1 
Adult equipment to child Hypercapnia 1 
Vaporizer failure Hypotension 1 

Cardiopulmonary bypass machine Short stops from various causes Hypoperfasion, short periods 7 

Non-invasive arterial pressure Error ın measurement Undetected hypotension 4 

Invasive arterial pressure False low pressures Unnecessary pressor treatment 3 

Infusion pump Malfunction Drug overdose, hypotension 2 

Urometer Occlusion in set Unnecessary fluids and diuretics 1 

Defibrillator Failure to shock Delayed treatment 1 

LV. access Disconnection Hypovolaemta, hypotension 1 

Chest drain Disconnection Lung collapse 1 

Total 33 


equipment, and other monitoring equipment. Most of the 
problems with invasive arterial blood pressure equipment 
represented low readings from a radial artery cannula 
compared to the aortic cannula during cardiac surgery. 
However, measurement errors, drifting, and cable failure 
also occurred. Non-invasive arterial blood pressure equip- 
ment failure was also common, and related to technical 
failure—including leaks from the tubing and cuff. Other 
problems related to malfunction of other monitors, and 
malfunction of the cardiopulmonary bypass machine during 
cardiac surgery. 


Human error 


About one-quarter of the equipment problems (n=40) were 
considered to be related to human error on the part of the 





users (Table 5). Twenty-nine of the problems concerned the 
anaesthesia machine, and of these, 18 were related to 
inadequate pre-use checks. Most of these errors occurred 
when the anaesthesia machine was checked between cases, 
rather than at the start of the day. Contributing factors were 
‘last-minute changes’ because of a change in schedule 
(change in type of breathing system, ventilator, or type of 
anaesthesia). 


Continuous quality improvement 

No trends were noted in the rate of occurrence of equipment 
problems between 1996 and 2000. In the same period, we 
recorded an increased occurrence of other problems 


(Table 6). 
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Table 5 Human errors contnbuting to equipment problems 








Equipment involved Problem n 
Anaesthesia machine Misconnected patient systems 13 
Undetected leakage from patent systems 5 
Wrong gas flow—patient system 2 
Power accidentally turned off 1 
Vaporizer leakage—after changeover 6 
Other 2 
Non-invasive artenal pressure False normal readings, delayed detection of low arterial pressure 3 
Invasive arterial pressure False low readings—treated with vasopressor 3 
Cardiopulmonary bypass machine Misconnection and wrong priming of system 2 
Endotracheal tube Kinked tube, not checked, bronchodilators given 1 
Laryngoscope Low batteries, no spare immediately available 1 
Chest drainage Disconnection—wrong connectors used 1 
Total 40 


Table 6 Variaton in occurrence of problems from 1996 to 2000 There was no change ın frequency of equipment problems, but an increase in frequency of 


other problems 

1996 1997 1998 1999 2000 Trend P-value 
Equipment problems 45 25 29 25 33 No change 025 
Other problems 2644 (15 5%) 2730 (16 0%) 2726 (16.5%) 2645 (17.3%) 2854 (17.1%) Increase <0 001 
Cases per year 17 023 17 020 16 544 15 829 16 738 
Discussion and a nurse are involved in every case. The recording has 


Having prospectively recorded problems in 83 154 cases of 
anaesthesia, we found equipment problems to be rare, and of 
low severity. Human errors (for example failure to check 
equipment and man~machine interaction failure) were 
important factors, in addition to ‘pure’ equipment failure. 
The low frequency of equipment problems limits its 
usefulness as a numerical quality indicator. However, 
analysis of patterns and causes of these problems can be a 
useful part of a quality assurance programme in a depart- 
ment. 


Methodology 

In all incident reporting, under-reporting is a potential 
problem. This is related to the added workload from 
completion of forms, a belief that reporting is of limited 
value, and fear of consequences of reporting." We 
believe that the reporting compliance in our study is good. 
All patients receiving an anaesthetic were followed, and 
included in the study. The incidents were recorded in a 
prospective manner, and as information from all cases was 
included, important events were less likely to be missed. 
This is in contrast to studies where information is collected 
only from selected samples of patients. 

Our system is designed to add minimal workload, as all 
recording is done directly on the anaesthetic chart, and no 
additional form is needed. We are using the data actively in 
the department, for problem discussions and quality 
projects, and we have created a non-punitive attitude 
towards the occurrence of problems.’* All cases are 
recorded, the recording is obligatory, and both a physician 


been part of departmental routine for 15 yr, and definitions 
and severity assessment are continuously discussed in 
departmental meetings. Consequently, we believe that the 
agreement between observers is good. We also believe that 
the total frequency of problems and the frequency of 
equipment problems are representative of the occurrence of 
these problems in our practice, and are a result of routines 
for checking and maintenance of equipment in the depart- 
ment, and routines for follow-up when problems occur. 


Frequency and severity of equipment problems 

Four studies have been published representing mandatory 
reporting, with data recorded from all anaesthetic cases.°!! 
Our results are of the same magnitude as those of Cohen and 
colleagues® who found an incidence of 0.1-0.4% for 


‘ equipment problems in 27 184 cases of anaesthesia from 


four different hospitals. In that study, a check-off form was 
completed for every patient, and 18 types of intraoperative 
problems were included in the data set. However, severity 
was not assessed. The frequency of total problems varied 
from 14.9% to 27.8% amongst the four hospitals. 

Three studies have been published from a large German 
quality assurance project concerning perioperative incidents 
(both operating room and recovery room).”~'! Data were 
collected from all anaesthetics, 63 types of incidents and 
five levels of severity were defined. The uency of 
equipment problems was 0.7% in 18 350 cases,” 0.9% in 
26 907 cases,!° and 1.2% in 96 000 cases.'! The frequency 
of all problems was 23.2%, 27.9% and 22% respec- 
tively.™!! We found a lower occurrence of total equipment 
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problems and total problems than in the German studies. 
The cause of this is difficult to discern, as the German 
studies included the whole perioperative period and the 
intraoperative problems are not reported separately. In 
addition, definitions and classifications were different. 
Finally, there is of course a possibility of differences in 
problem occurrence, reporting compliance, or both. How- 
ever, the general conclusions from these and our studies are 
similar, as equipment problems were rare and of low 
severity, but some had untoward effects on patients, without 
causing any lasting morbidity. These problems do carry a 
potential for serious adverse outcome, and preventative 
measures are important.'77° 18 

Other studies have collected data by voluntary reporting 
only of problem cases. The overall problem figures are 
generally lower, as under-reporting is well recognized.'°!” 
Short and colleagues” reported a frequency of 0.23% of 
equipment/breathing system problems in 16 379 anaes- 
thetics, but an overall problem rate of only 0.76%. Spittal 
and colleagues* reported a 2% incidence of equipment- 
related problems in 5056 cases, with an overall problem rate 
of 6.68%. The case mix, routines for preoperative checking 
of the anaesthesia machine, and level of maintenance of 
other equipment, were not specified in these studies. 


Type of equipment involved 


The anaesthesia machine, including the breathing system, 
was the most common cause (31%) of equipment problems 
in our study. This was also the most common cause in the 
studies by Bothner, Georgieff and Schwilk (30%),' and 
Schwilk and colleagues (22%).!° Also, in other incident 
studies where the denominator is not known,'** problems 
related to the anaesthesia machine were most common, 
ranging from 52 to 73%. 

We found most of the anaesthesia machine problems to 
be related to the breathing system, as has been found in 
other studies where this information is supplied.'+© The 
breathing system is often reconnected for cleaning and 
change of system between patients, and this may predispose 
it to errors, despite the routines for checking the machine at 
the start of the day. 

Non-invasive and invasive arterial pressure measure- 
ments were involved in many of the equipment problems. 
This equipment has many potential problems, and readings 
may not be correct. This predisposes it to errors, and our 
findings are a reminder that numbers from invasive and non- 
invasive automated arterial blood pressure measurement 
should be constantly evaluated against the patient’s clinical 
condition. 


Human error 


Human error and misuse of equipment have been shown to 
be more common than ‘true’ equipment failure.?> In our 
study, human error was the main contributing factor in one- 


quarter of cases, and most of these involved the anaesthesia 
machine. The main cause was insufficient checking of the 
anaesthesia machine before use, especially between cases. 
This was also shown by Short and colleagues.’ The 
problems often occurred as a consequence of ‘last-minute 
modificaticns’, when breathing systems and vaporizers were 
changed after the checking procedure had been performed. 

To reduce the possibility of human error causing 
equipment problems a three-level approach has been 
suggested: (i) when possible, equipment should be designed 
such that the possibility of human error is minimized; (ii) if 
human error cannot be prevented, systems should be 
designed to minimize the injury caused by such errors; 
(iii) if neither of the previous safety approaches is possible, 
the system should be equipped with monitors and alarms to 
alert the user of an adverse condition that may be caused by 
equipment failure or change in the patient’s condition. This 
approach is an example of a ‘systems’ approach to error 
management, where the working environment of the 
anaesthetist is optimized to avoid errors. 7! 


Continuous quality improvement 


We found no change in occurrence of equipment problems 
during the period of our study, while there was an increasing 
trend for other problems. However, the low rate of 
equipment problems limits statistical appraisal, as variation 
may be the result of chance. The low rate of equipment 
problems also limits its use as a continuous quality 
indicator, as changes in occurrence caused by efforts to 
improve are difficult to separate from natural variation. 
Therefore, the most suitable analysis of these data may be as 
‘sentinel events’, where problems are analysed individually, 
or in groups, to elucidate causative factors and preventative 
measures, rather than a numerical approach. 

The low rate of equipment problems recorded indicates 
that our routines for use, checking and maintenance of 
equipment are adequate. However, there is still a potential 
for serious problems, and strategies to prevent human error 
should be implemented as this contributed to a quarter of 
problems. In addition, an improved check between cases 
may réduce the occurrence of equipment problems with the 
anaesthesia machine, which was the main cause of prob- 
lems. 

Ideally, follow-up of problems as part of continuous 
quality improvement efforts should lead to a decreased 
problem frequency. Short and colleagues’? studied 
improvements in anaesthetic care resulting from a critical 
incident reporting programme, but found no change in 
incidence of problems. However, the programme was 
considered effective in detecting latent system errors. 
Changes in the frequency of problems may be explained 
as a result of quality-related activities in the department, but 
also changes in reporting compliance, or changing anaes- 
thesia practice may influence the results. A routine-based 
recording system will give us the possibility of evaluating 
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problem rates, as the total number of anaesthetics is known, 
but care must be taken when the occurrence is rare. 


Conclusion 


With our checking and maintenance routines, we found 
equipment to cause few problems, both related to number of 
cases (0.19%), and related to the occurrence of other 
problems during anaesthesia (1.1%). Human factors were 
important causes of problems, and the anaesthesia machine 
was most often involved. Although we recorded no 
morbidity from equipment problems in 83 154 cases, both 
this and other studies have indicated that a potential for 
equipment-related morbidity exists. The type of data 
retrieved from our analysis provides valuable information 
for departmental quality projects. 
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Background. Mivacurium is a mixture of three isomers, two of which are rapidly broken 
down in vivo by plasma cholinesterases. This study Investigates the stereospecificity of mivacur- 
1um in vitro degradation to determine If ıt accounts for Its in vivo behaviour. 


Methods. The in vitro rate of degradation of each isomer of mivacurium and the in vitro rate of 
formation of their primary (monoesters and alcohols) and secondary (alcohols) metabolites 
were examined using human plasma from six healthy volunteers. The in vitro rate of degradation 
of the monoester metabolites was also assessed. All these determinations were made using a 
stereospecific high-performance liquid chromatography assay. 


Results. The in vitro rate of disappearance of the two active isomers of mivacurlum was very 
rapid, with mean values for the trans trans and cis trans isomers of 0.803 and 0.921 min™' 
respectively. These values are twofold faster than published ın vivo data. The in vitro rate of dis- 
appearance was much slower for the cis ds isomer, with a mean value of 0.0106 min™'. The cis 
trans isomer was converted exclusively to cis monoester and trans alcohol, while only metabo- 
lites in the trans and cis configuration were found for the trans trans and ds cis Isomers respect- 
ively. Mean in vitro rates of disappearance for the trans and cis monoester were 0.00750 and 
0.000633 min”! respectively. 


Conclusions. The in vitro rates of hydrolysis of the active isomers of mivacurium confirm that 
plasma cholinesterases play a major role in their in vivo degradation, but that in vivo elimination 
Is slowed by extravascular distribution. Mivacurium hydrolysis Is stereoselective, the ester 
group in the trans configuration being more accessible to enzymatic attack. This stereoselective 
pattern, along with the relatively slow breakdown of the cis ds isomer, sheds light on the in vivo 
disposition of the cis alcohol metabolite. 
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Mivacurium chloride consists of a mixture of three 
stereoisomers. The two most active are the trans trans and 
cis trans isomers (57 and 37% w/w respectively), which are 
equipotent; the cis cis isomer (6% w/w) has only one-tenth 
of the activity of the others in cats and monkeys.’ 
Mivacurium isomers are believed to be hydrolysed mostly 
by plasma cholinesterases to give primary (monoester and 
alcohol) and secondary (alcohol) metabolites (Fig. 1).2 The 
in vivo elimination half-life in humans is approximately 
2 min for the trans trans and cis trans isomers and 30 min 


for the cis cis isomer.? The maximum plasma concentration 
of the metabolites is reached within 35 s of injection, with 
an average elimination half-life of 90 min. except for the cis 
alcohol, which is minimally and transiently detected. 
Cook and colleagues* were the first to determine an 
in vitro degradation rate for the mixture of mivacurium but 
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Fig 1 Putatve degradation pathway of a mivacurium isomer. Reproduced from Savarese et al., Anesthesiology 1998; 68 723-33, with permission of 


the publisher. 


their assay was not stereoselective. Referring to a personal 
communication, Lien and colleagues? reported an in vitro 
half-life for the individual isomers (0.83, 1.30 and 276 min 
for the trans trans, cis trans and cis cis isomers respect- 
ively). However, it is unclear whether the isomers were 
incubated individually or as a mixture. Wiesner and 
colleagues® have recently reported shorter in vitro half- 
lives of 0.71 and 0.61 min for the trans trans and cis trans 
isomers respectively after incubation of the mixture. These 
studies did not determine the concentrations of metabolites 
and therefore the actual pathway of their metabolite 
formation remains to be elucidated. 

The present study was designed to elucidate the individ- 
ual degradation pathways of each isomer of mivacurium and 
its monoester metabolites in human plasma, and represents 
the first attempt to propose an overall pattern for the in vivo 
disposition of mivacurium. 


Methods 
Chemicals 


The three isomers of mivacurium chloride, the monoester 
and quaternary alcohol metabolites, and laudanosine were 
provided by Glaxo Wellcome (Research Triangle Park, NC, 
USA). All analytes were supplied individually with the 
exception of the monoester metabolite standard, which was 
supplied as a mixture of the cis and trans isomers. The 
relative proportions of the cis and trans monoester isomers 
in the mixture were reported by the supplier to be 


approximately 26.3 and 66.3% respectively. All organic 
solvents were HPLC (high-performance liquid chromato- 
graphy) grade (Anachemia, Montreal, Canada). 
Echothiophate iodide, a plasma cholinesterase inhibitor, 
was supplied by Wyeth-Ayerst Laboratories (Montreal, 
Canada). 


Plasma collection 


Blood was obtained from six healthy fasting volunteers after 
they had given written informed consent. The study protocol 
was approved by the Hotel-Dieu Hospital Ethics Committee 
(Montreal, Canada). Among the volunteers, there were three 
men and three women and their age varied between 23 and 
40 yr. Approximately 100 ml of blood was obtained in a 
heparinized syringe. After collection, the blood was 
centrifuged at 1650 g for 15 min and the plasma was 
separated and kept on an ice-water bath until incubation. 


Incubation 


The three isomers of mivacurium and the mixture of 
monoester metabolites were incubated separately at 37°C in 
fresh plasma obtained from every volunteer. The in vitro 
study was performed within 1 h of blood collection to ensure 
integrity of the medium, especially with respect to enzyme 
activity. For each analyte, a starting solution (10 ml) was 
prepared by adding an appropriate amount of corresponding 
analyte to each preincubated individual plasma. Final 
concentrations of 4500 ng ml’ (4.37 umol litre’) for 
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Table 1 Companson of in vitro and in vive parameters The kn ve Values are mean (SD) The Tj m vivo Values are taken from reference 3 





Variable Mivacurium Monoester 
fans trans cls trans cls cls trans _ cis 
ka vio (rnin!) 0.803 (0 142) 0.921 (0.0634) 0.0106 (0 001763 0 00750 (0 00116) 0 000633 (0 000242) 
Ty in viro (min) 0.890 0756 672 94.0 1220 
T} m vivo (min) 24 20 28.5 86.3 100 





trans trans mivacurium, 2500 ng ml (2.43 umol litre’) for 
cis trans mivacurium, 500 ng mI (0.49 umol litre™!) for cis 
cis mivacurium and 3000 ng ml” (5.15 pmol litre!) for 
monoester metabolites were prepared. These final concen- 
trations were chosen to mimic the maximum plasma 
concentrations observed in patients after an intubating 
dose of the commercial mixture of the three isomers.* 
According to the relative proportions of the trans and cis 
monoester in the mixture, the monoester metabolite starting 
solution corresponded to 1989 ng ml! (3.41 pmol litre!) 
and 789 ng ml? (1.35 pmol litre!) of trans and cis 
monoester respectively. Each starting solution was separ- 
ated in nine aliquots of 1 ml, to which 20 ul of 
echothiophate iodide 0.04 M was added at predetermined 
times to stop the reaction and to prevent further degradation 
of the compound. The time points for stopping the reaction 
after addition of the analyte were 0, 1, 2, 3, 4, 5, 6, 7 and 
8 min for the trans trans and cis trans mivacurium 
metabolites; 0, 15, 30, 45, 60, 75, 90, 105 and 120 min for 
the cis cis mivacurium metabolites; and 0, 60, 120, 180, 240, 
300, 360 and 420 min for the monoester metabolites. After 
adding the inhibitor, the aliquots were frozen using dry ice 
and then stored at -70°C until HPLC analysis. 


Sample preparation and chromatographic apparatus 
and conditions 


Mivacurium isomers and their metabolites were determined 
by HPLC using a method similar to that published for the 
determination of cisatracurium and its metabolites in human 
urine.’ Bond Elut phenyl solid-phase extraction cartridges 
(Varian, Harbor City, CA, USA) were conditioned with 
acetonitrile 1 ml and 5 mM sulphuric acid 1 ml. The plasma 
sample (0.75 ml) and internal standard (75 ul of laudanosine 
1 ug ml’) were combined in the reservoir and then 
aspirated through the sorbent. A vacuum of 50-80 kPa was 
applied to the manifold of the Vac-Elut chamber 
(Analytichem International, Harbor City, CA, USA) 
throughout the extraction procedure. The cartridges were 
washed sequentially with 5 mM sulphuric acid 0.75 ml anda 
mixture of methanol:water (50:50, 0.75 ml). Analytes were 
eluted with 80 mM sodium sulphate 2X300 ul in 5 mM 
sulphuric acid:acetonitrile (40:60). The eluents were then 
reduced to half of their volume by evaporation using a 
Speed-Vac concentrator (Model SC210A; Savant 
Instruments, Farmingdale, NY, USA). Aliquots were 


injected directly into the HPLC system according to the 
following procedure. 

The chromatographic system consisted of a Constametric 
4100 pump (LDC Analytical, Riviera Beach, FL, USA) 
which was programmed to deliver 14 mM sodium sulphate 
in 0.5 mM sulphuric acid:acetonitrile (40:60) for 5 min 
followed by 70 mM sodium sulphate in 0.5 mM sulphuric 
acid:acetonitrile (40:60) for 6 min, returning to the initial 
condition to re-equilibrate for 3 min. The flow rate was 
2.0 ml min™! and the mobile phase was not allowed to 
recirculate. Samples were injected using an auto-injector 
(SIL-9A; Shimadzu, Kyoto, Japan). Separation of mivacur- 
ium isomers and their metabolites was performed on a 5 ym 
Spherisorb strong cation exchanger column (1504.6 mm 
internal diameter; Phenomenex, Torrance, CA, USA). Peaks 
were detected with a Hewlett Packard 1046 A fluorescence 
detector (Hewlett Packard, Waldbroom, Germany) at exci- 
tation and emission wavelengths of 202 and 320 nm 
respectively. A Shimadzu C-R3A integrator was used. 

The method proved to be sensitive, with a lower limit of 
quantitation of 4.88 ng ml (0.0047 pmol litre’) for each 
isomer of mivacurium and for the quaternary alcohol 
metabolites, and 10.36 ng ml (0.0232 pmol litre!) and 
4.11 ng ml (0.0071 pmol litre!) for the trans and cis 
monoesters respectively. The assay proved to be linear up to 
5000 ng ml’ (4.86 pmol litre!) for the isomers of 
mivacurium, 5000 ng ml (11.20 pmol litre’) for the 
quaternary alcohol metabolites, 2652 ng ml? 
(4.55 umol litre!) for the trans monoester and 1052 ng 
ml-'(1.81 umol litre!) for the cis monoester. The coeffi- 
cient of determination (7°) was always higher than 0.9930 
for each analyte. The method proved to be reproducible for 
each analyte, with a coefficient of variation always less than 
20% over the linear range. 


Data analysis 


The rate of in vitro disappearance (Kin vitro) Of each analyte 
from human plasma was determined by fitting the plasma 
data to a non-compartmental model with bolus input using a 
non-linear least-squares computer program (WinNonlin® 
software; Pharsight Scientific Consulting, Palo Alto, CA, 
USA) that applied linear regression to all data points. The 
in vitro elimination half-life (Tj in vitro) Was calculated using 
0.693 kn vito. The mass balance (number of moles 
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Fig 2 Jn vitro degradation in human plasma after separate incubation of the (A) trans trans, (B) cis trans and (C) cis cis isomers of mivacurium and (D) 
a mixture of the crs and trans monoesters. The left panels illustrate the mass balance between the degradation of parent compound and the formation 
of metabolites on an ordinal scale. The nght panels illustrate the exponential decline of the plasma concentration—time profile for the parent 
compound. 
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disappeared vs number of moles formed) was examined in 
all subjects. 


Results 


After incubation in human plasma, trans trans mivacurium 
disappeared very rapidly, with a mean kn vitro Value of 0.803 
min! (Table 1). This isomer was completely and equally 
(on a molar basis) converted to trans monoester and trans 
alcohol metabolites (Fig. 2A). 

The disappearance of cis trans mivacurium from human 
plasma was also very rapid, with a mean kn vitro Value of 
0.921 min! (Table 1). Moreover, the hydrolysis reaction 
was almost complete at 4 min, when about 98% of the cis 
trans mivacurium was degraded. Figure 2B shows that the 
plasma concentrations of cis trans mivacurium and its 
corresponding metabolites did not change significantly after 
4 min of incubation. The individual kın yo values were 
therefore calculated between 0 and 4 min. Our results also 
show that cis trans mivacurium is almost exclusively 
converted to cis monoester and trans alcohol. Although we 
were able to quantify some cis alcohol after the incubation 
of the cis trans isomer, less than 1% of the cis trans isomer 
was converted into cis alcohol after 8 min. This finding is 
consistent with the 2% fraction of the cis trans isomer that 
was not hydrolysed after 4 min. This was considered to be 
negligible and within the error of the assay, and the data are 
therefore not presented in the tables and figures. 

After incubation in human plasma, the cis cis isomer of 
mivacurium disappeared at a much slower rate than that of 
the other two isomers. After 120 min of incubation, the 
hydrolytic reaction was incomplete, with 30% of the initial 
cis cis mivacurium plasma concentration remaining. Only 
metabolites in the cis configuration resulted from hydrolysis 
of this isomer. Hence, this isomer was equally (on a molar 








trans monoester trans alcohol 


trans trans mivacunum 
(57%) 


cis trans mivacunum 
(87%) 





basis) converted to cis monoester and cis alcohol metabo- 
lites (Fig. 2c). The resulting mean ky vino value was 
0.0106 min” (Table 1). 

After a 7-h incubation, the trans monoester metabolite 
was completely converted to trans alcohol metabolite, 
whereas only 20% of the cis monoester metabolite was 
converted to cis alcohol metabolite (Fig. 2D). The resulting 
mean Kin vitro Value was 0.00750 min‘! for the trans 
monoester metabolite and 0.000633 min™ for the cis 
monoester metabolite (Table 1). The mean terminal elim- 
ination half-life (T} in vivo) obtained in eight healthy patients 
undergoing elective surgery” is also presented in Table 1 for 
each isomer of mivacurium and for the monoester 
metabolites. 

As demonstrated in Figure 2, the mass balance (number 
of moles disappeared vs number of moles formed) was 
good, the values varying from 86 to 101%. The slight 
variation was probably the result of the error inherent in the 
analytical method (£15%). 

In view of these results, a pattern is proposed for the 
stereoselective degradation of mivacurium (Fig. 3). 


Discussion 

Mivacurium is an ester type of neuromuscular blocking 
agent and therefore undergoes enzymatic breakdown by 
plasma cholinesterases. Because mivacurium contains two 
ester groups, enzymatic breakdown can occur at either one 
of these sites. Thus, the hydrolysis of one mole of 
mivacurium will result in the formation of one mole of 
monoester metabolite and one mole of alcohol metabolite. 
Theoretically, when mivacurium is in the trans trans or cis 
cis geometrical configuration, the metabolites will be in 
either the trans or the cis configuration respectively if there 
is no interconversion in vivo. Our results support the 
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Fig 3 Stereoselective degradation pattern of mivacurium. Note the very slow breakdown of cis monoester to cis alcohol. 
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absence of in vivo interconversion. On the other hand, when 
mivacurium is in the cis trans configuration, metabolites 
could be in the cis or trans configuration. More specifically, 
if the ester group in the trans configuration is attacked, it 
will lead to the formation of trans alcohol and cis 
monoester. Therefore, the hydrolysis of cis trans mivacur- 
ium could theoretically result in the formation of the trans 
alcohol and cis monoester metabolites and/or the cis alcohol 
and trans monoester metabolites. Our results show clearly 
that cis trans mivacurium is converted exclusively to trans 
alcohol and cis monoester metabolites, suggesting that the 
ester group of the isomer in the trans configuration is more 
labile. 

There is no clear explanation for the flattening of the 
curve for cis trans degradation in plasma. However, we are 
sure that this finding is not an artefact. There are two good 
reasons why analytical sensitivity can be ruled out. First, the 
levels are well above the lower limit of quantitation (LLOQ; 
at least four times the LLOQ). Secondly, the flattening of 
the cis trans concentration curve was consistent in all 
patients but never observed for the trans trans isomer. After 
4 min, the measured plasma concentration of the cis trans 
isomer averaged 50 ng ml” (0.0486 umol litre™'), which 
represents approximately 2% of the initial concentration. 
One possible explanation for the flattening of the curve 
would be that the rate of ester hydrolysis is different for the 
cis and trans positions. Hydrolysis at the trans position 
would be complete at 4 min and the flattening of the curve 
could be attributed to slower hydrolysis at the cis position. 

After the hydrolysis of mivacurium isomers into 
monoester and alcohol metabolites, the monoester metabo- 
lites are in turn degraded into alcohol metabolites. However, 
as the kin vitro Values for the monoesters are at least 10-fold 
slower than those for the isomers, the relative importance of 
this secondary metabolic pathway to the formation of the 
alcohol metabolite is thought to be negligible. 

Our results also show that the cis monoester metabolite 
does not undergo any significant in vitro hydrolysis in 
comparison with the trans monoester metabolite. This 
finding supports the results obtained for the isomers, i.e. that 
the ester group in the trans configuration is more susceptible 
to attack by the enzyme. The presence of greater steric 
hindrance when the ester group is in the cis configuration 
may explain the greater resistance to enzymatic degrad- 
ation. 

For drugs undergoing extensive hydrolysis in human 
plasma (non-organ-based elimination), the in vitro rate of 
degradation (kin vwo) is often used as a substitute in 
pharmacokinetic models assuming peripheral elimina- 
tion? In addition, direct comparison of in vitro and 
in vivo elimination half-lives provides information about the 
relative contribution of organ-based elimination (e.g. by the 
kidneys and liver) to the overall body elimination. Our 
results indicate that, for the two most active isomers (trans 
trans and cis trans), the Tj in vio is 2-fold faster than the 
T} m vivo, Confirming that hydrolysis by plasma cholines- 


terases plays a major role in the degradation of these two 
isomers. The possibility that this apparent discrepancy 
resulted from the fact that two different populations of 
subjects were studied cannot be ruled out. However, 
Wiesner and colleagues® recently reported in vitro half- 
lives similar to those obtained in this study. Another 
explanation for the slower in vivo elimination could be that 
extravascular distribution of these two isomers delays their 
overall elimination from the body. The presence of plasma 
cholinesterases in the cerebrospinal fluid has been demon- 
strated in animals,'! although their activity may differ 
markedly between tissues and plasma. Despite the fact that 
the two active isomers of mivacurium (trans trans and cis 
trans) are eliminated rapidly by plasma cholinesterases, a 
contribution of the peripheral compartment to their elimin- 
ation cannot be excluded. Recent data have confirmed the 
presence of an arterial—venous gradient of approximately 
30% across muscle tissue in anaesthetized patients. '* 

In contrast, the T} in vivo for the cis cis isomer is 
approximately 2-fold faster than the T; ın vitro- This finding is 
an indication that the overall elimination of this isomer is 
not solely the result of its hydrolysis by plasma cholines- 
terases. Indeed, the contribution of renal function to the 
overall elimination of this isomer has been demonstrated by 
Head-Rapson and colleagues.!* Moreover, Lien and col- 
leagues? have shown that the clearance of this isomer is not 
related to plasma cholinesterase activity. 

For the monoester metabolites, the in vivo and in vitro 
values were similar for the trans monoester, indicating a 
minor contribution of organ-based elimination to total body 
disposition. Conversely, the in vitro half-life of the cis 
monoester was considerably slower than that observed 
in vivo. However, this value should be interpreted cautiously 
as the duration of incubation did not allow accurate 
determination of the half-life. Nonetheless, our findings 
suggest that the contribution of enzymatic hydrolysis to the 
overall in vivo elimination of the cis monoester metabolite is 
negligible. 

When examining the in vivo formation and elimination of 
the alcohol and monoester metabolites after an i.v. bolus of 
the commercial mixture of mivacurium in human patients, 
Lacroix and colleagues’ noted that the cis alcohol 
metabolite was detected minimally and transiently. An 
initial mixing peak was observed at approximately 30 s for 
both the cis and the trans alcohol metabolite. This was 
attributed to the alcohols (known degradation or synthesis 
by-products of the isomers) that are already contained in the 
injectable solution. Of importance, the levels of the cis 
alcohol were not quantifiable (below the LLOQ) after only 
8 min, while levels almost 10-fold higher allowed 
characterization of the kinetics of the trans alcohol for up 
to 250 min. As the later portion of the plasma 
concentration—time curve was more compatible with 
in vivo formation of the metabolites, no explanation can 
be provided for this finding. Our in vitro results now shed 
some light on the in vive disposition of the cis alcohol 
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metabolite. First, less than 2% of the cis alcohol is formed 
after in vitro degradation of the cis trans isomer. Secondly, 
the in vitro rate of formation of cis alcohol from the cis 
monoester is questionable. Finally, as the cis cis isomer 
represents only 6% of the injectable mixture of mivacurium, 
its contribution to the in vivo formation of the cis alcohol is 
certainly minimal. 

In conclusion, the in vitro rates of hydrolysis of the active 
isomers confirm that plasma cholinesterases play a major 
role in their in vivo degradation, but also suggest that their 
in vivo elimination is slowed by extravascular distribution. 
Mivacurium hydrolysis is stereoselective, the trans config- 
uration being more amenable to ester hydrolysis than the cis 
configuration. This stereoselective pattern, along with the 
relatively slow breakdown of the cis cis isomer, explains the 
in vivo disposition of the cis alcohol metabolite. Hydrolysis 
is facilitated by the presence of another esterified moiety at 
the opposite end of the molecule, the hydrolysis of the cis 
cis and trans trans isomers being considerably faster than 
that of their respective monoesters. From the results of this 
in vitro study we propose an overall stereoselective pattern 
for the degradation of mivacurium that allows the contri- 
bution of organ-based elimination to be dissociated from 
that of non-organ-based elimination. 


Acknowledgements 


The authors would like to thank Louisa Cale and Johanne Couture for their 
technical assistance 


References 


I Belmont MR, Beemer G, Bownes P, Russo J, Wisowaty J, 
Savarese jj. Comparative pharmacology of mrmvacurium and 
isomers In rhesus monkeys [abstract]. Anesth Analg 1993; 76: S18 

2 Savarese JJ, Hassan HA, Salvatore JB, et al. The clinical 
neuromuscular pharmacology of mivacurilum chloride 
(BW BIO90U). Anesthesiology 1988; 68: 723-32 

3 Lacroix M, Donati F, Varin F. Pharmacokinetics of mivacurium 


838 


isomers and their metabolites in healthy volunteers after 
intravenous bolus administration. Anesthesiology 1997, 86: 
322-30 

4 Cook DR, Stiller RL, Wealdy JN, Chakravord S, Brandom BW, 
Welch RM. In vtro metabolism of mivacurium chloride (BW 
B1090U) and succinylcholine. Anesth Analg 1989; 69: 452-6 

5 Lien CA, Schmith VDE, Embree PB, Belmont MR, Wargin 
WA, Savarese = J The pharmacokinetics and 
pharmacodynamics of the stereoisomers of mivacurium in 
patients receiving nitrous oxide/oploid/barbiturate anesthesia. 
Anesthesiology 1994; 80: 1296-306 

6 Wiesner G, Gruber M, Keyl C, Schneider A, Drescher J, 
Hobbhahn J. In vitro effects of fluoride on pseudocholinesterase 
activity and the metabolism of the cls-trans and trans-trans 
isomers of mivacurfum. Anesthesiology 2001; 95: 806-7 

7 Bryant Bj, James CD Jr, Cook DR, Harrelson JC. High 
performance liquid chromatography assay for cisatracurium 
and rts metabolites In human urine. J Liquid Chromatogr Relat 
Techno! 1997; 20: 2041-5! 

8 Fisher DM, Canfell PC, Fahey MR, et al. Elimination of atracurium 
In humens: Contribution of Hofmann elimination and ester 
hydrolysis versus organ-based ellmination. Anesthesiology 1986; 
65: 6-12 

9 Tran TV, Fisset P, Varin F. Pharmacokinetics and 
pharmacodynamics of clsatracurium after a short infusion in 
patients under propofol anesthesia. Anesth Analg 1998; 87: 
1158-63 — 

10 Bergeron L, Bevan DR, Berrill A, Kahway R, Varin F. 
Concentration—effect relationship of cisatracurium at three 
different dose levels in the anesthetized patient. Anesthesiology 
2001; 95: 314-23 

Il Ummenhofer WC, Brown SM, Bernards CM. Acetyl- 
cholinesterase and butyrylcholinesterase are expressed in the 
spinal meninges of monkeys and pigs. Anesthesiology 1998; 88: 
1259-45 

12 Ezzine S, Donati F, Vann F. Mrvacurium arteriovenous gradient 
during steady state infusion in anesthetized patients. 
Anesthesiology 2002; 97: 622-9 

13 Head-Rapson AG, Devlin JC, Parker CJR, Hunter JM. 
Pharmacokinetics and pharmacodynamics of the three isomers 
of mrvacurium in health, in end-stage renal failure and in patients 
with impaired renal function. Br j} Anaesth 1995; 75: 31-6 


British Journal of Anaesthesia 89 (6) 839-45 (2002) 





Pharmacogenetics of codeine metabolism in an urban population 
of children and its implications for analgesic reliability 


D. G. Williams! *, A. Patel and R. F. Howard** 


“Anaesthetic Department, The Royal London Hospital, Whitechapel, London El 1BB, UK. *Portex 
Department of Anaesthesia, Institute of Child Health, Guilford Street, London WCIN 1EH, UK. 
Anaesthetic Department, The Royal National Throat, Nose and Ear Hospital, Grays Inn Road, London 
WCI1X 8DA, UK. Department of Anaesthesia, Great Ormond Street Hospital for Children NHS Trust and 
Children Nationwide Pain Research Centre, Great Ormond Street, London WCIN 3JN, UK 


*Corresponding author. E-mail: r.howard @ich.ucl.ac.uk 


Background. Codeine analgesia Is wholly or mostly due to its metabolism to morphine by the 
cytochrome P450 enzyme CYP2D6, which shows significant genetic varlation in activity. The 
alms of this study were to investigate genotype, phenotype and morphine production from 
codeine in children undergoing adenotonsillectomy, and to compare analgesia from codeine or 
morphine combined with diclofenac. 


Methods. Ninety-six children received either codeine |.5 mg kg! or morphine 0.15 mg kg” 
in a randomized, double-blind design. Genetic analysis was performed and plasma morphine 
concentrations at | h were determined. Postoperative analgesia and side-effects were 
recorded. 


Results. Forty-seven per cent of children had genotypes associated with reduced enzyme 
activity. Mean (sD) morphine concentrations were significantly lower (P<0.001) after codeine 
[4.5 (0.3) ng ml-'] than after morphine [24.7 (1.5) ng ml'], and morphine and its metabolites 
were not detected in 36% of children grven codeine. There was a significant relationship 
between phenotype and plasma morphine (P=0.02). More children required rescue analgesia 
after codeine at both 2 (P<0.05) and 4 h after administration (P<0.01). Fifty-six per cent of chil- 
dren vomited after morphine and 29% after codeine (P<0.01). Neither phenotype nor mor- 
phine concentration was correlated with either pain score or the need for rescue analgesia 
(r=-0.21, 95% confidence interval 0.4, -0.01). 


Conclusions. Reduced ability for codeine metabolism may be more common than previously 
reported. Plasma morphine concentration | h after codeine is very low, and related to pheno- 
type. Codeine analgesia is less reliable than morphine, but was not well correlated with either 
phenotype or plasma morphine in this study. 
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Codeine is still widely prescribed for postoperative pain 
relief and is frequently recommended for paediatric use.' * 
The reputedly lower incidence of opioid-related side-effects 
has made codeine popular for younger age groups, including 
neonates, especially in situations where airway management 
and neurological assessment are critical.>> However, there 
is some doubt about the efficacy and reliability of codeine. 
Both animal and adult human laboratory experimental 


studies have shown that there is significant vanability in 
both the pharmacokinetics and pharmacodynamics of 
codeine. These studies also suggest that the analgesic effect 
of codeine 1s either wholly or mostly dependent on its 
metabolism to morphine.® 7 Metabolism of codeine to 
morphine is catalysed by the cytochrome P450 enzyme 
CYP2D6. Over 50 different genetic variants are known to 
exist for CYP2D6, which leads to a wide spectrum of 
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metabolic capabilities within populations.® ° Individuals are 
normally classified as either poor metabolizers (PM) or 
extensive metabolizers (EM), depending on the activity of 
the enzyme, although this is known to be an oversimplifi- 
cation. PMs will produce little or no morphine from codeine 
whereas EMs will produce morphine, although the actual 
amount may show wide variation,’°!? 

The aims of the current studies were to investigate: (i) 
genotype, phenotype and morphine production from 
codeine in a UK urban population of children undergoing 
adenotonsillectomy; and (ii) the efficacy, reliability and 
side-effects of codeine as part of a postoperative analgesic 
regimen. 


Methods 


All procedures were carried out at the Royal National 
Throat, Nose and Ear Hospital, London. After obtaining 
local research ethics committee approval, we recruited 98 
children aged from 3 to 12 yr, ASA I and II, undergoing 
adenotonsillectomy. Informed written parental consent was 
sought for each child before enrolment in the study. The 
children were randomized into two groups: group C 
received codeine 1.5 mg kg and group M morphine 
0.15 mg kg”! i.m. shortly after the induction of anaesthesia. 
Both groups also received diclofenac 1 mg kg™ per rectum 
at the same tume. Blood for analysis was taken from an i.v. 
cannula inserted for the procedure. After induction, 2-4 ml 
blood was collected for genetic analysis, and a further 
1-2 ml was taken 1 h after injection of the study drug for the 
measurement of plasma morphine and morphine metabo- 
lites. 

Surgery was performed using electrocautery for tonsillar 
dissection and haemostasis. The anaesthetist and surgeon 
present varied depending on which day and on which 
operating list the procedure was performed. All staff 
involved in the procedure and the perioperative care of the 
child were blinded as to which opioid was administered. 

No premedication was given. Topical local anaesthesia to 
facilitate i.v. cannulation was applied before anaesthesia, 
which was induced either by the i.v. route (propofol 
2-5 mg kg’) or by inhalation (oxygen, nitrous oxide and 
sevoflurane). Once adequate anaesthesia had been estab- 
lished, a laryngeal mask of appropriate size was inserted 
into the airway. Anaesthesia was maintained with oxygen, 
nitrous oxide and sevoflurane with spontaneous ventilation. 
Analgesia (study drug plus diclofenac) was administered as 
soon as convenient after induction. Hartman’s solution 
10 ml kg was given during the procedure and continued 
into the postoperative period at a maintenance rate appro- 
priate to each individual child. At the end of the procedure 
the patient was allowed to breathe 100% oxygen, and the 
laryngeal mask was removed once airway reflexes had 
returned. Patients were kept in the recovery area until they 
were awake and comfortable and able to return to the ward. 
Further analgesia was not given during the procedure unless 


indicated on the basis of clinical judgement. Ondansetron 
0.1-0.2 mg kg™’ was administered if required. 

The analysis was performed at the Department of 
Molecular Biology at University College London. Whole 
blood was stored at -70°C until analysis and all the samples 
were processed in one batch. DNA was extracted from the 
whole blood, which was then split using a two-stage 
polymerase chain reaction (PCR). The PCR products were 
labelled fluoroscopically to allow detection electronically 
using an ABI-377 analyser (Applied Biosystems, Foster 
City, CA, USA). Over 50 variants of the CYP2D6 gene have 
been identified and most are classified as rare, 87% of 
genotypes being accounted for by five variants.” 1° It is 
impractical to look for all these different variants in each 
sample of DNA; thus, the most common polymorphisms 
causing alteration in enzyme activity were targeted. These 
were CYP2D6*1, *2, *3, *4, *5, *9, *10 and *17. 
CYP2D6*1 is considered the normal or wild-type gene 
and has normal activity. Variants *3, *4, *5 and *9 have no 
activity and account for over 90% of PMs, whilst *2, *10 
and *17 have reduced activity. Four possible phenotypes 
were identified. If a patient was homozygous for poly- 
morphisms known to show no activity, he or she was 
classified as a PM, whilst a combination of a polymorphism 
of reduced activity with one of no activity classified the 
patient as an intermediate/poor metabolizer (IM/PM). An 
intermediate metabolizer (IM) was a patient with either a 
combination of two polymorphisms with reduced activity or 
a combination of one normal polymorphism with one of no 
activity, and an extensive metabolizer (EM) was a patient 
who was either homozygous for the normal gene or who had 
a combination of a normal polymorphism with one of 
reduced activity. Genotyping identified all the polymorph- 
isms apart from *1 so, if none was found, the sample was 
considered to be from a patient with the normal gene. Thus, 
there was a chance that a PM patient with another 
polymorphism could have been considered an EM (false 
negative), though as these polymorphisms are rare the 
estimated risk of this occurrence was very small. 

For measurement of plasma morphine and metabolites, 
the blood samples were centrifuged at 3000 r.p.m. for 10 
min within 15 min of being taken. The plasma was stored 
before processing at ~70°C. Plasma morphine and its 
glucuronide metabolites were measured by high-perform- 
ance liquid chromatography at the Institute of Child Health, 
London. Analysis of the samples was in two batches, and 
limits of detection were 5 (SD 2) ng ml for morphine and 
10 (2) ng mI for morphine-6-glucuronide (M6G) in both. 
The coefficient of variation for morphine was 4% at 
20 ng mi”. The limit of detection for morphine-3- 
glucuronide (M3G) was 30 (8) ng mI” in the first batch 
and 60 (8) ng ml” in the second. 

Time to first analgesia (time from the injection of the 
opioid to the first dose of supplementary analgesia) and pam 
scores (using self-report and behavioural pain assessment 
tools) both at rest and on swallowing were used to assess 
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Table 1 Patient characteristics for the codeine and morphine groups. Data 
are mean (SD or range) or number *P=0 044 


Codeine group Morphine group 
(n=48) (r=48) 
Sex (male/female) 24f24 23/25 
Age (yr) 7.31 (3-12) 6 23 (3-12) 
Weight* (kg) 32,39 (19.2) 25.79 (11 49) 
Surgical tme (mun) 33 52 (10.7) 33.06 (11 48) 
Caucasian 21 15 
Asian 12 10 
Afro-Caribbean 5 11 
Turkish 5 3 
Arab 0 2 
Caucasian/Asian 3 1 
Caucasian/A fro-Canbbean 1 4 
Caucasian/Arab 1 1 
Asian/Afro-Canibbean 0 1 


analgesia. The need for extra analgesia was assessed on 
clinical grounds by the anaesthetist and/or the nurse 
responsible for the patient. Further analgesia was given as 
an i.v. bolus of morphine 20 ug kg™, oral morphine solution 
0.1 mg kg or oral acetaminophen 20 mg kg™ at their 
discretion and the patient was subsequently excluded from 
the analysis. 

Two methods of pain scoring were used, both of which 
have been verified in this age group. A ‘faces’ type self- 
reporting pain tool'* was used in the recovery ward at the 
time of blood sampling for measurement of plasma 
morphine concentrations and 1, 2, 3 and 4 h after the end 

‘of the procedure, and the Children’s Hospital of Eastern 
Ontario Pain Score (CHEOPS)’* in the recovery ward. The 
scores were taken at each time point, both at rest and on 
swallowing, to provide static and dynamic measures of 
analgesia. The children were introduced to the self-reporting 
pain scale at the preoperative visit and shown how to use it. 
All nursing staff involved in the care of the children enrolled 
in the study had been taught previously how to use both pain 
scores. 

Respiratory rate and a five-point sedation score 
(J=awake, 5=hard to rouse) were also recorded at the 
same time points as above. Postoperative vomiting was 
assessed by counting the number of vomiting episodes for 
each patient in a number of set time periods (<1, 1-2, 2-4 
and 4-8 h). Again, patients were removed from analysis 
once further analgesia had been administered. Other unex- 
pected complications and adverse effects were also 
recorded. Patients were monitored closely until discharge 
from the hospital. 

All data were handled electronically and calculations 
performed using either Microsoft Excel 2000 or Graphpad 
Prism 3.0. Comparisons between continuous variables were 
made using either analysis of variance with Bonferroni post- 
test corrections or t-tests as appropriate. Survival analysis 
was -performed using Kaplan-Meier survival curves. 
Categorical data were analysed using the x” test and 
correlation between independent variables was tested with 


Table 2 Ethnicity in relation to phenotype Data are numbers of patients 





EM=extensive metabolizer, ~“[M=intermediate metabolizer; IM/PM 
=intermediate/poor metabolizer, PM=poor metabolizer 

EM IM IM/PM PM 
Caucasian 13 15 7 1 
Asian 12 5 2 2 
Afro-Caribbean 8 3 5 
Turkish 3 2 3 
Arabian 1 1 
Caucasian/Asian 4 
Caucasian/A fro-Canbbean 3 2 
Caucasian/Arabjan 1 1 
Asian/A fro-Canbbean 1 
Table 3 Phenotype distribution (type of metabolizer) 
Phenotype Morphine group Codeine group 

(72-48) (n=48) 

Poor 2 2 
Intermediate/poor 8 9 
Intermediate 12 17 
Extensive 26 19 


Pearson’s correlation coefficient. For all comparisons, 
P<0.05 was considered significant. 


Results 


Ninety-eight children were recruited into the study but two 
were excluded: one child was given an incorrect dose of the 
study opioid, and consent for the other was withdrawn after 
the procedure had been postponed on the first attendance. 
Data were therefore included from a total of 96 patients; of 
these, 48 received morphine and 48 received codeine. 

Patient characteristics are shown in Table 1. There was no 
significant difference between the two groups for age, sex or 
duration of surgery, or in the make-up of the ethnic groups 
of the patients randomized to the two arms of the study. 

The total number of patients with phenotypes indicating 
reduced enzyme activity (PM, IM/PM and IM) in the study 
population was 46 (47%). The total number of PMs, who 
would not be expected to produce morphine from codeine at 
all, was 4 (4.1%). The distribution of these phenotypes in 
each ethnic group and in the two respective treatment 
groups is shown in Tables 2 and 3. 

One sample from group C was lost by the laboratory. 
Results of the measurement of plasma concentrations of 
morphine and its glucuronide metabolites 1 h after morphine 
or codeine are shown in Figure 1. In group M, morphine and 
its metabolites were detected in all the patients. In group C, 
morphine and/or its metabolites were not detected in 17 
patients (36%). The mean (SD) plasma concentrations of 
morphine, M3G and M6G were 24.7 (10.1), 96.58 (40.5) 
and 29.3 (13) ng mi respectively after morphine, and 4.5 
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(2.1), 44.8 (29) and 19.7 (16.5) ng ml” after codeine. There 
was a significant difference between the two treatment 
groups for the plasma concentrations of morphine and both 
glucuronide metabolites (P<0.01). There was no difference 
in M3G:M6G ratio, which was 4.2 (3.17) in group M and 3.8 
(3.5) in group C (P=0.6). 

Figure 2 shows the relationships of plasma morphine, 
M3G and M6G with phenotype for group C. Morphine 
concentrations were generally very low and could not be 
detected in an increasing proportion of patients with 
phenotypes associated with declining metabolic capacity. 
No morphine was found in the plasma of the two PMs 
(Fig. 2A). Plasma morphine concentrations were also related 
to phenotype, with a significant trend (P<0.02) across the 
groups (Fig. 28). There was no difference in plasma 
morphine between the IM and IM/PM groups, but mean 


concentrations for both these groups were very low and 
close to the lower limit of measurement. Plasma concen- 
trations of metabolites are shown in Figure 2c and D. The 
ratio of M3G:M6G was 4.5 (5.02) in the EM group and 3.4 
(2.07) and 2.95 (2.39) in the IM and IM/PM groups 
respectively (P>0.05). 

Comparisons of time to first analgesia were made using 
Kaplan—Meier survival curves 2 and 4 h after administration 
of either opioid (Fig. 3).16 In the first 2 h, the number of 
patients who required extra analgesia was eight (16.7%) in 
group C and two (4.2%) in group M (P<0.05). By 4 h, 20 of 
the 48 (41.7%) patients in group C required extra analgesia 
compared with nine of the 48 (18.8%) patients in group M 
(P<0.01). No relationship could be established between the 
group C patients of each phenotype who needed rescue 
analgesia. PMs did not differ significantly from other 


Plasma morphine Plasma M3G Plasma M6G 
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Fig 1 Plasma morphine, morphine-3-glucuromide (M3G) and morphine-6-glucuronide (M5G) concentrations in the morphine and codeine groups _ 


(n=48 for each group). Data are mean and sD *P<0.01; **P<0 001. 
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Fig 2 Relationship between plasma morphine, metabolites and phenotype for patients treated with codeme. P=poor metabolizers, IM/P=intermediate/ 
poor metabolizers; E=extensive metabolizers. Data are mean and sD (A) Number of patients of each phenotype with undetectably low plasma 
morphine concentration. (B) Plasma merphine concentration ın relation to phenotype *P<0.02 (c) Morphine-3-glucuronide (M3G) concentration in 
relation to phenotype. (D) Morphine-6-glucuronide (M6G) concentration ın relation to phenotype. 
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phenotypes despite a demonstrated lack of plasma mor- 
phine. Overall, there was no relationship between plasma 
morphine, metabolite concentrations or M3G:M6G ratio 
and the requirement for extra analgesia. 

Comparison of both behavioural and self-reporting pain 
scores, at rest and on swallowing, did not show a difference 
between groups C and M at any time point. Pain scores were 
generally higher on swallowing than at rest (P<0.05), with 
larger differences seen between pain on swallowing and at 
rest in group C compared with group M. Pain scores were 
also generally higher in recovery than at subsequent tume 
points in children from both groups (P<0.05). Children in 
group C who received supplementary analgesia in the 
recovery room had higher pain scores at rest compared with 
the other children in group C (P<0.05). There was no 
difference in pain scores between the phenotypes in group 
Cc 

The percentage of patients who vomited in the first 4 h 
after operation was 56.3 for group M and 29.2 for group C 
(P<0.01). Figure 4 shows a comparison between groups M 
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Fig 3 Tıme to first analgesia (Kaplan-Meier survival curves). P<0 05 at 


2h, P<0.01 at 4h 


and C for the number of patients who vomited ın each time 
period. There was no difference between the two groups in 
the proportion of patients who vomited at <1, 1-2 and 4-8 h 
but the difference was significant at 24 h (P<0.01), with 
more vomiting in group M. In group C, neither of the PM 
patients vomited but otherwise postoperative nausea and 
vomiting was evenly distributed between the phenotypes 
(P>0.05). There was no difference between the two groups 
in the tume to oral intake, which was measured from the end 
of surgery. Intravenous fluids were continued because of 
vomiting in two patients in group M and one in group C, but 
discharge from hospital was not delayed. 

Figure 5 shows sedation scores at each of the time points 
for each group. Patients who received morphine were more 
sleepy at 2 h (P<0.01). By 4 h the degree of sedation was 
sumilar. There was no difference in respiratory rate between 
the two groups at any of the time points during the study 

Five patients in the group C and none in group M required 
replacement of the laryngeal mask airway with a tracheal 
tube. On three occasions this was because of inability to 
maintain the airway on insertion of the surgical retractor, on 
one occasion it was because of an unsatisfactory airway in 
the anaesthetic room, and on the other occasion the tube was 
placed after an episode of laryngospasm. Pain scores on 
swallowing were not increased in this subgroup. One patient 
in each group had a prolonged stay in recovery (>1 h) 
because of slow awakening after anaesthesia. One patient in 
each group had postoperative bleeding that required a return 
to theatre some hours later. One morphine patient had 
significant swelling and pain the next day which delayed 
discharge, which in all other cases was the morning after the 
procedure. 


Discussion 

The mechanism of codeine analgesia is not completely 
understood but there is convincing evidence from both 
animal and human laboratory studies that it 1s wholly or 
substantially dependent on metabolism to morphine.® 7 17 18 
The activity of the enzyme complex responsible for this 
reaction is known to be genetically regulated, with a 
spectrum of phenotypes between normal or ‘extensive’ and 
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Fig 4 Postoperative vomiting *P<0 01 


Number of patents 





843 


Wilhams et al. 


Sedation score 





Recovery th 2h 3h 4h 


Fig 5 Postoperative sedation scores. M=morphine; C=codeine. *P<0 01. 


absent or ‘poor’. In this study we investigated the genotypes 
of a population of children who were having adenotonsil- 
lectomy and assigned them to phenotypes that should reflect 
this range of metabolic capability. A high proportion (46%) 
of the children studied had phenotypes associated with 
reduced activity of the enzyme. Plasma morphine and 
metabolite concentrations in children given the parent drug, 
codeine, were very low or absent in greater proportions of 
those in the low-activity groups, the actual values reflecting 
the range predicted by the phenotype. 

Plasma morphine concentration has not been directly 
related to analgesia, but pharmacokinetic studies have 
suggested that a range of 5-65 ng ml”! may be therapeutic in 
children.'*?! One hour after administration of codeine in 
this study, mean plasma morphine was below this range in 
all phenotypes after codeine, including normal and exten- 
sive metabolizers. The half-life of both codeine and 
morphine after im. injection is 2-3 h, and the usual 
recommended dosing regimen for both is 4- to 6- 
hourly.’ 2? ? However, such low concentrations at 1 h 
imply that analgesia from codeine-derived morphine after 
that time would be unlikely. 

In the second part of the present study, the analgesia and 
side-effects of codeine and morphine combined with 
diclofenac were compared. Diclofenac was included for 
ethical reasons because the concurrent use of opioid and 
NSAID (non-steroidal anti-inflammatory drug) analgesia is 
standard practice after adenotonsillectomy. Significantly 
more children needed rescue analgesia at 2 and 4 h in the 
group given codeine (group C) than in the group given 
morphine (group M). However, behavioural and self-report 
pain assessments did not differentiate between the groups at 
any stage of the study. All the mean scores were within the 
satisfactory range. However, the codeine subgroup who 
needed supplementary analgesia had significantly higher 
scores in recovery than the rest of that group. Although 
within group C plasma morphine was related to phenotype, 
no relationship could be found between phenotype and 
analgesia; as morphine concentrations were very low and 
differences in morphine production between phenotypes 


were small, this may not be surprising. The concurrent use 
of diclofenac may also have masked any differences 
between the groups, as such analgesic combinations are 
known to increase efficacy substantially in comparison with 
monotherapy (see below). 

In the first 4 h after-operation, 29.2% of the patients 
vomited in group C compared with 56.3% of patients in 
group M. Vomiting is common after adenotonsillectomy in 
children, with a reported incidence of between 30 and 
75%. ?% The causes are multiple and may include 
stimulation of laryngeal and pharyngeal reflexes, gastric 
irritation as a result of swallowed blood, anaesthetic agents 
and analgesic administration.”° 7’ Broadly. there was little 
difference between the two drug groups in terms of sedation 
and respiratory rate. Previous studies in both adults and 
children have suggested that, although the incidence of side- 
effects may be low, the overall efficacy of codeine is also 
low and analgesia may be inadequate for postoperative pain 
in some circumstances.? 78 7? Indeed, in the adult some 
single-dose studies have shown no difference between 
codeine and placebo, and a quantitative systemic review 
suggests that codeine 60 mg has a number needed to treat 
(NNT) of 18, which is very high when compared with 5.0 
for acetaminophen 600 mg and 3.1 for the combination??? 

In conclusion, we have found that reduced ability to 
metabolize codeine to morphine was common in this 
population of children, and that plasma concentrations of 
morphine are generally very low 1 h after i.m. codeine for 
patients of all phenotypes, even those who have normal 
metabolic capability. Codeine analgesia with diclofenac 
was less reliable than morphine, but a clear relationship 
between plasma morphine or phenotype and analgesia could 
not be established. Uncertainties regarding the efficacy and 
any possible advantages of codeine over morphine or other 
opioids mean that its use cannot be recommended without 
reservation. Situations in which pain is known to be 
significant and pain assessment problematic present par- 
ticular difficulties, which will only be heightened by the use 
of codeine. 
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Background. Uterine balloon thermal ablation is used to treat menorrhagia. We thought that 
intrauterine application of 2% lidocaine gel could reduce postoperative pain after this proced- 
ure. Before using this technique we wished to establish how much lidocaine is absorbed sys- 
temically from the uterine cavity after thermal ablation. 


Methods. Ten ASA [+l patients (age 38-50 yr) underwent uterine balloon thermal ablation 
under general anaesthesia. They each had I! ml of 2% lidocaine gel (Instillagel™) inserted into 
the uterine cavity at the end of the procedure. Blood samples were taken at 5, 15, 30 and 60 
min after insertion and lidocaine concentrations were measured using high-performance liquid 
chromatography. 


Results. Mean (range) plasma lidocaine concentrations at 5, 15, 30 and 60 min were 40.3 
(0-221.9), 66.3 (0-271.9), 64.9 (0-208) and 75 (0-212) ng mI', respectively. 


Conclusion. There was minimal systemic absorption of lidocaine from the uterus following 
uterine balloon thermal ablation. Measured concentrations were well below the toxic plasma 


concentration for lidocaine (8-10 pg ml’). 
Br j Anaesth 2002: 89: 846-8 
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Uterine balloon thermal ablation (Thermochoice Gynecare) 
is a new method for treating menorrhagia.'” The technique 
involves inserting a balloon-tipped catheter through the 
dilated cervix and inflating the balloon with 5% dextrose 
solution. The balloon, which is now ın contact with the walls 
of the uterine cavity, is heated to 87°C for 8 min. This 
results in a thermal ablation of the endometrium and 
adjacent myometrium to a depth of up to 15 mm.? A number 
of different anaesthetic techniques have been used for the 
procedure, ranging from local anaesthetic blocks under 
sedation, to regional and general anaesthesia. Intrauterine 
administration of 2% lidocaine gel (Instillagel™) may be a 
simple method for reducing postoperative pain. We were 
concerned that there may be greater systemic absorption of 
lidocaine when it is applied to tissues that have just had a 
thermal injury compared with lidocaine gel applied to 
undamaged tissues. Before using intrauterine lidocaine gel 
for analgesia, we wanted to assess how much systemic 


absorption of lidocaine occurs when lidocaine gel is applied 
to the uterine cavity after balloon thermal ablation. 


Methods 


The local Research and Ethics Committee approved the 
study and informed written consent was obtained. Ten 
patients over 18 yr of age who were undergoing uterine 
balloon thermal ablation were entered into the study. 
Patients who were allergic to the study drugs, had a history 
of epilepsy or liver disease, or who were unable to give 
consent were excluded from the study. A Clinical Trials 
Exemption Certificate was obtained from the UK Medicines 
Control Agency. Before surgery, patients were given 
diclofenac 100 mg, metoclopramide 10 mg and acetamino- 
phen 1 g orally. Oxygen was administered via a Hudson 
mask at 4 litre min`’. Fentanyl 100 ug i.v. was given for 
analgesia and ondansetron 4 mg i.v. as a prophylactic 
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antiemetic. Anaesthesia was induced and maintained by an 
infusion of 1% propofol with alfentany] 20 pg mI’. 

In the postoperative recovery area, patients received 
additional fentanyl 50 ug i.v. until comfortable. Tylex™ 
(acetaminophen 500 mg and codeine phosphate 30 mg), two 
tablets every 6 h, and diclofenac 50 mg orally every 8 h were 
given as required for further analgesia. 

After induction of anaesthesia, a 14-gauge i.v. cannula 
was placed in the antecubital fossa for postoperative blood 
sampling. The cervix was dilated with a size-5 Hagar dilator 
and the depth of the uterine cavity measured with a uterine 
sound. The balloon-tipped catheter was inserted into the 
uterine cavity up to this depth. The balloon was inflated with 
5% dextrose 5-15 ml until a pressure of 160-180 mm Hg 
was reached. The dextrose solution was then heated to 87°C 
for 8 min. To maintain contact with the endometrium, the 
pressure in the balloon was kept at 160-180 mm Hg. At the 
end of the procedure, 2% lidocaine 11 ml was inserted into 
the uterus using an introducer (Instillaquil). Blood samples 
were taken at 5, 15, 30 and 60 min after insertion of the 
lidocaine gel. The plasma was separated using 4ml 
Vacuette tubes (Greiner Turbotechnik) within 3 h and 


Table 1 Patient characteristics and peak plasma lidocaine concentrations 





Patient Age Weight Height Peak plasma Time to 
(yr) (kg) (m) lidocaine peak 

concentration (min) 
(ng mi~’) 

1 42 50.8 1.58 37.9 60 

2 54 105 165 163 60 

3 45 70.0 160 272 15 

4 38 712 164 711 60 

5 47 110 163 337 60 

6 50 850 1.62 20.8 60 

7 41 57.0 1.61 104 15 

8 49 55.0 158 728 15 

9 47 62.6 160 190 60 

10 45 798 1 66 0 60 





Plasma lidocaine concentration (ng mi”) 


0 10 20 30 


stored at —20°C. Plasma lidocaine concentration was 
measured using high-performance liquid chromatography 
and the values expressed in ng ml” plasma.* The extraction 
method was shown to be accurate and precise over the 
concentration range investigated: the intraday precision 
coefficients of variation and relative error were, respect- 
ively, 6.70% and 2.90% at 50 ng ml’, 5.14% and 3.50% at 
100 ng ml and 3.88% and 9.03% at 200 ng mI”. Interday 
precision coefficients of variation and relative error were, 
respectively, 6.47% and 0.12% at 50 ng mi™!, 3.84% and 
2.14% at 100 ng ml~ and 2.80% and 2.19% at 200 ng mI. 


Results 


Patient characteristics and peak plasma concentrations of 
lidocaine are shown in Table 1. The maximum plasma 
concentration measured was 272 ng ml, which is below 
the toxic concentration. Plasma lidocaine concentrations 
measured at 5, 15, 30 and 60 min after application of 
intrauterine lidocaine for each subject are shown in 
Figure 1.This indicates that the plasma lidocaine concen- 
tration had peaked or reached a plateau. There were no 
clinical symptoms or signs of local anaesthetic toxicity. 


Discussion 

We found that plasma lidocaine concentrations after the 
insertion of lidocaine gel 220 mg into the uterine cavity after 
uterine balloon thermal ablation were well below those 
reported to cause symptoms and signs of toxicity. The 
highest concentration recorded was 272 ng ml at 15 min 
after insertion. In a study by Folds and colleagues,” 
volunteers began to experience symptoms and display 
signs of lidocaine toxicity at a mean plasma concentration of 
8-10 ug ml, which is tenfold higher than our highest 
recorded level. Our results demonstrate no early peak at 5 
min, which could have occurred from direct intravascular 








40 50 60 70 


Time (min) 


Fig 1 Plasma lidocaine concentrations in individual patients at 5, 15, 30 and 60 mun after mtrauterine insertion of 2% lidocaine gel 11 ml 
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administration. Peak concentrations were recorded at 15 and 
60 min, indicating that concentrations are either still rising 
at 15 min or reaching a plateau, making the likelihood of an 
early missed peak unlikely. If there were to be an early peak 
plasma concentration before 5 min, the neurological symp- 
toms and signs may go unrecognized as patients would still 
be under the effect of general anaesthesia, which would both 
mask-the symptoms and protect the patient by raising the 
seizure threshold. 

We chose to use lidocaine in a gel because it is available 
in this form. In addition, it is supplied in a syringe that is 
incompatible with i.v. needles and cannulae, which reduces 
the risk of inadvertent i.v. injection. The dose of lidocaine 
was not adjusted for weight or body mass index (BMI) 
because we wanted to evaluate a simple one-dose regimen 
for adults. Other factors may affect how much lidocaine is 
absorbed, such as uterine cavity size and uterine muscle 
spasm, both of which will alter the volume of lidocaine that 
remains in the uterine cavity. Peak plasma concentrations in 
those with a lower body weight or BMI were below toxic 
concentrations. 

In conclusion, the amount of lidocaine absorbed system- 
ically after 11 ml of 2% lidocaine gel is placed in the uterine 
cavity following intrauterine balloon thermal ablation is 
low. Further studies are needed to evaluate the analgesic 


effects of intrauterine lidocaine gel after balloon thermal 
ablation. 
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Background. Interest in combining local and general anaesthesia has lead to studies investigat- 
ing possible interactions. In a prospective, randomized, double-blind study, we tested whether 
local anaesthetics administered i.m. potentiate the hypnotic effect of propofol. 


Methods. Sixty patients (three groups, n=20) undergoing lower abdominal surgery with total 
lv. propofol anaesthesia were investigated. Patients In Group B received 1m. bupivacaine (5 mg 
mI’) | mg kg", patients In Group L received i.m. lidocaine (100 mg mf') 2 mg kg”! and 
patients in Group C received i.m. saline 5 ml before operation. Hypnosis was measured with 


bispectral index (BIS). 


Results. The induction (BIS <45), and the maintenance doses of propofol (BIS between 40 and 
50) were significantly less in Group B and Group L compared with the control group. 
Induction doses were 1.58 (sD 0.39), 1.56 (0.24) and 2.03 (0.33) mg kg” respectively; 
P<0.000!. Maintenance doses were 6.33 (2.06), 7.08 (1.23) and 9.95 (2.02) mg kg”! respectively 
in the first hour; P<0.0001. Groups B and L were associated with an attenuated haemodynamic 
response to both induction and Intubation. 


Conclusion. |.M. administered local anaesthetics are associated with a decrease in both the 
induction and maintenance doses of propofol during total l.v. anaesthesia and a reduction in 


haemodynamic responses. 
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The growing interest in combining local and general 
anaesthesia has led to studies investigating possible inter- 
actions between general anaesthetics and local anaesthetics 
administered via either spinal,! epidural,” ? iv.* or im?® 
route. 

In previous studies it has been shown that i.m. admin- 
istration of either lidocaine or bupivacaine enhances the 
hypnotic effects of i.v. thiopental” and propofol. However, 
these studies only concluded that local anaesthetics admin- 
istered im. can reduce the induction dose of i.v. general 
anaesthetics, no evaluation of the effect of systemically used 
local anaesthetics on the maintenance dose of the general 
anaesthetic was carried out. Additionally, the results of both 
studies were based on responses to verbal commands. More 
reliable results can be obtained using bispectral index (BIS), 


which has been shown to be a specific and sensitive monitor 
of the hypnotic component of anaesthesia.’ In a prospective, 
randomized, double-blind study, we investigated whether 
lidocaine or bupivacaine administered i.m. reduces the 
induction and the maintenance dose of propofol during BIS- 
guided total i.v. anaesthesia (TIVA). 


Methods 


With informed patient consent and approval from the ethical 
committee of the faculty, we studied 60 patients, aged 
20-50 yr, ASA I or H, weighing 50-80 kg, undergoing 
minor elective lower abdominal surgery expected to last 
=1 h. To detect a decrease of 0.35 mg kg” of the induction 
dose of propofol (accepting an alpha error of 5% and a beta 
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Table 1 Patent characteristics, mean (SD) [range] No significant differences 


Group B Group L Group C 
(n=20) (n=20) (n=20) 
Gender (F/M) 7/13 8/12 6/14 
Age (yr) 37 6 [21~50] 38.5 [23-49] 37 6 [20-48] 
Weight (kg) 67 8 (7 8) 67.6 (6.3) 655 (77) 


error of 10%), the required study size was 16 patients per 
group. Patients taking cardiovascular medication, with 
known hypersensitivity to local anaesthetics, neurological 
disorders, hypertension, baseline systolic arterial pressure 
(SAP) <100 mm Hg, heart rate (HR) <55 beat min™!, or any 
serious medical conditions that would interfere with 
cardiovascular response assessment were excluded. 

Patients did not receive premedication. They were 
prehydrated with NaCl 0.9% 500 ml solution, and were 
connected to an electrocardiograph monitor, automatic 
arterial pressure cuff and a pulse oximeter (Horizon 2000, 
Mennen Medical, Rehovot, Israel). BIS was monitored 
using a BIS sensor (Aspect Medical Systems, Natick, MA, 
USA) applied to the forehead as described by the manufac- 
turer (BIS monitor Model A-2000™, Aspect Medical 
Systems, Natick, MA, USA). Patients were then allocated 
randomly to one of three groups according to a sealed 
envelope technique in a double-blind manner. In Group B, 
20 patients received i.m. bupivacaine (5 mg ml) 1 mg kg? 
(Marcaine 0.5% fik AstraZeneca İlaç AŞ, Istanbul, Turkey), 
administered into the gluteus muscle 30 min before induc- 
tion of anaesthesia. In Group L, 20 patients received i.m. 
lidocaine (100 mg m`’) 2 mg kg™! (Aritmal 10% ampul, 
Biosel İlaç AŞ, Istanbul, Turkey), administered into the 
gluteus muscle 10 min before induction of anaesthesia. In 
Group C, 20 patients served as controls and received 1.m. 
saline 5 ml into the gluteus muscle 10 min before induction 
of anaesthesia. All im. injections were performed by an 
independent practitioner. HR, mean arterial pressure (MAP) 
and BIS values were recorded at tọ (before i.m. administra- 
tion), tı (before induction of anaesthesia), tz (after induction 
of anaesthesia) and t; (after intubation). 

After a bolus dose of fentanyl 1.5 ug kg” iv., a 
physician, who was blinded to the dose or type of local 
anaesthetic (or saline) administered earlier, injected propo- 
fol 10 mg (1 ml) in 5 s every 15 s until the BIS score fell 
below 45. The total dose of propofol required to achieve a 
BIS below 45 was recorded in mg kg™'. When BIS <45, 
response to verbal commands was evaluated. Tracheal 
intubation was accomplished after administration of rocur- 
onium 0.6 mg kg™’. Volume controlled ventilation (Drager 
SA2, Driigerwerk, Lübeck, Germany) was started with 10 ml 
kg’ tidal volume and ventilatory frequency was adjusted to 
maintain endtidal carbon dioxide tension 30-35 mm Hg. 
Lungs were ventilated with 50% oxygen, 50% air. 

After intubation, infusion of propofol 10 mg kg™' h™ and 
remifentanil 0.25 ug kg™ min™ were started. The dose of 


propofol was titrated to keep the BIS score between 40 and 
50. When the BIS score was out of these limits for =10 s the 
dose of propofol was changed by 1 mg kg! h™ every 20 s. 
The total maintenance dose of propofol during the first hour 
of anaesthesia was recorded in mg kg h™. 

Inadequate analgesia was defined as response to surgical 
stimuli by hypertension (SAP >20% above preoperative 
baseline value for >5 min) or tachycardia (HR >20% above 
preoperative baseline value), while BIS level was between 
40 and 50. In cases of inadequate analgesia, patients were 
given bolus doses of remifentanil 0.5 pg kg’. If this 
treatment was unsuccessful, the remifentanil infusion rate 
was doubled. 

Bradycardia was defined as HR <40 beat min™ and 
hypotension as a decrease in SAP >20% of the baseline 
value. Hypotension was treated by infusion of lactated 
Ringer’s solution 3-5 ml kg’, and if necessary, with 
ephedrine 5 mg i.v. Bradycardia was treated with atropine 
0.5 mg i.v. The frequency of hypotension, bradycardia and 
inadequate analgesia and supplemental remifentanil doses 
was recorded. 

To assess intraoperative awareness, a number was 
repetitively recited to each patient four times during 
anaesthesia at 5, 10, 15 and 20 min. The patients were 
specifically questioned for recall of this number. 

Analysis of variance (ANOVA) was used to evaluate the 
differences in patient characteristics, HR, MAP, BIS-values, 
and propofol doses for induction and maintenance between 
the groups. Data at different times within the groups were 
compared with a repeated measures ANOVA (GraphPad 
InStat™, GraphPad Software V2.02). The alterations in HR 
and MAP after the induction and intubation were also 
compared ın the three groups. To compare the frequency of 
hypotension, bradycardia and inadequate analgesia, an 
appropriate y?-test was used. P<0.05 was regarded as 
statistically significant. 


Results 


There were no statistically significant differences with 
respect to patient characteristics between the groups 
(Table 1). Propofol doses required for the induction of 
anaesthesia were significantly less in patients in Groups B 
and L compared with the control group (P<0.0001; 1.58 
(0.39), 1.56 (0.24) and 2.03 (0.33) mg kg”, respectively; 
P<0.01 between Groups B and C, and between Groups L 
and C, Fig. 1). The maintenance doses for the first hour of 
surgery were also significantly less in these patients 
(P<0.0001; 6.33 (2.06), 7.08 (1.23) and 9.95 (2.02) mg 
kg™' h respectively; P<0.01 between Groups B and C, and 
between Groups L and C, Fig. 2). There was no statistical 
difference between Groups B and L regarding the induction 
and maintenance doses of propofol. 

HR and MAP values are shown in Tables 2 and 3. HR was 
decreased after induction by 13.7 (6.2), 14.0 (5.8), 14.5 
(4.6)% in patients receiving bupivacaine, lidocaine and 
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Propofol (mg kg) 


2.03 


Bupivacaine Lidocaine Control 

Fig 1 Propofol requirement to achieve BIS <45 dunng induction. 
Admunistration of im bupivacaine and lidocaine resulted ın a significant 
decrease. Values inside bars show mean (SD) doses. (*P<0.001 between 


bupivacaine and control, and between lidocaine and control ) 


Propofol (mg kg"! h~’) 


Lidocaine Control 


Bupivacaine 


Fig 2 Propofol requirement to maintain BIS between 40 and 50 during 
marntenance of anaesthesia Administration of ım bupivacaime and 
lidocaine resulted in a significant decrease. Values inside bars show 
mean (sD) doses. (*P<0.001 between bupivacaine and control, and 
between lidocaine and control.) 


saline, respectively (no statistically significant differences). 
The increase in HR after intubation was statistically 
different between the groups (P=0.0003; 11.8 (7.9), 16.1 
(9.9) and 25.5 (12.3)% in Groups B, L and C, respectively; 
P<0.001 between Groups B and C, P<0.05 between Groups 
L and C). 

Regarding the MAP, the decrease after induction and 
increase after intubation were both significantly less in 
patients receiving bupivacaine compared with Groups L and 
C. Decrease after induction: P<0.0001; 20.3 (7.3), 28.5 (5.5) 
and 28.8 (7.1)% in Groups B, L, and .C respectively; 
P<0.001 between Groups B and L, and between Groups B 
and C. Increase after intubation: P<0.0001; 12.4 (7.2), 26.8 
(10.9), 31.8 (10.4) in Groups B, L, and C, respectively; 
P<0.001 between Groups B and L, and between Groups B 
and C. 

There were no differences between the BIS values before 
and after the injection (to and t,) of local anaesthetic/saline 
[95.1 (1.7) at to and 95.4 (0.8) at tı, P>0.05]. The difference 
between t) and t3 was also not significant [43.2 (0.8) at tz 
and 44.1 (2.0) at t3, P>0.05]. 








Table 2 Heart rate, mean (sD) NB P<0.001 between ttz and tet; 








Group B Group L Group C 
(beat min“) (beat min”) (beat min“) 
to 857 (15.3) 849 (117) X 83 (13 1) 
ti 853 (15 4) 86 4 (147) 85 (16 7) 
t2 737 (14 4) 741 (121) 72 5 (14 3) 
t3 82.5 (15 3) 85.3 (10 9) 899 (12 5) 


Table 3 Mean arterial pressure, mean (sD). NB P<0.001 between t)-12 and 
tts 


Group B Group L Groap C 

(mm Hg) (mm Hg) (mm Hg) 
to 100 1 (7.8) 103 8 (9 5) 105 9 (141) 
ty 102.1 (9 4) 104 9 (13.3) 101 3 (10 5) 
t2 81107) 75 1 (11 6) 71.7 (6.4) 
tz 91 (89) 94.3 (10 5) 94.2 (8.1) 


At the end of the induction period, no response to verbal 
commands was observed (BIS <45). Awareness or inad- 
equate analgesia was observed in no patients. Except for the 
hypotension in two patients in each group, haemodynamic 
complications were not seen. No signs of local anaesthetic 
toxicity or side-effects were observed in any patient. 


Discussion 

Our study showed that im. administration of local 
anaesthetics lead to a reduction in both the induction and 
maintenance doses of propofol to maintain the same BIS 
value. 

The interaction of local and general anaesthetics has been 
investigated in several studies. Hodgson and colleagues” 
suggested three mechanisms for the reduction of MAC of 
volatile anaesthetic agents when combined with epidural 
anaesthesia: (i) systemic general anaesthetic effects of 
absorbed epidural lidocaine; (ii) direct epidural sensory 
block of the noxious stimulus and (ii) subanaesthetic 
concentrations of epidural lidocaine depressing spinal cord 
motor function. They concluded that the MAC-sparing 
effect of epidural anaesthesia in combination with general 
anaesthesia is most likely caused by central effects of spinal 
deafferentation, not to the systemic effects of lidocaine nor 
to direct neural block of spinal nerves. Our results do not 
support this conclusion. In another study it has been shown 
that i.v. lidocaine infusion has a MAC-sparing effect of 
10-28%.* In our study, an i.v. anaesthetic has been used 
instead of inhalational anaesthetics, and lidocaine was 
administered via the im. route. It can be concluded that 
systemic general anaesthetic effects of absorbed local 
anaesthetics play an important role in the reduction of the 
dose of the general anaesthetic. 

The effects of im. administration of lidocaine and 
bupivacaine on the induction doses of thiopental and 
propofol have been described.° Í The results of these studies 


851 


Senturk et al 


and the present study are similar. However, there are two 
important differences. Firstly, in our study, not only the 
induction, but also the maintenance doses of propofol were 
investigated. Secondly, in these studies the effects of local 
anaesthetics on the general anaesthetic effect of i.v. 
anaesthetics were shown and compared only by the 
responses to verbal commands and not by BIS. In our 
study, both the loss of response to commands and BIS were 
used. 

According to several studies, there are two main mech- 
anisms that may explain the interaction of local and general 
anaesthetics. Firstly, most local anaesthetics bind to sodium 
channels in the inactivated state, preventing subsequent 
channel activation and the large transient sodium influx 
associated with membrane depolarization.” General anaes- 
thetics are known to have some effects on the central 
nervous system, which are not unlike those of local 
anaesthetics. Both volatile anaesthetics and barbiturates 
have been shown to block sodium channels and thus prevent 
action potential formation in central neurones. 
Immobilization of the gating charge caused by the general 
anaesthetics has also been implicated in local anaesthetic 
action. Studies show that general anaesthetics do indeed 
increase the proportion of channels in the closed inactive 
state,!0-12 

Secondly, it is well known that propofol enhances 
GABAergic currents, which facilitate inhibitory neurotrans- 
mission in neurones.’* Most i.v. anaesthetics inhibit the 
specific GABA uptake process in vitro in striatal nerve 
terminals, some, such as propofol, at clinically relevant 
concentrations.!* It has been shown that local anaesthetics 
also potentiate GABA-mediated Cl” currents by inhibiting 
GABA uptake.'° These common mechanisms of action of 
local and general anaesthetics may explain how the 
hypnotic effect of iv. propofol is enhanced by i.m. 
administration of bupivacaine or lidocaine. 

We did not observe any signs of local anaesthetic toxicity 
or side-effects. The highest doses of local anaesthetics 
administered in our study were less than half the recom- 
mended maximum clinical doses'® and were similar to 
doses administered in previous studies. ô Further studies 
are necessary to evaluate the effects of different doses of 
both lidocaine and bupivacaine on the doses of general 
anaesthestics after im. administration. We administered 
i.m. lidocaine 10 min and im. bupivacaine 30 min before 
i.v. administration of propofol because, at these times, blood 
concentrations reach a peak. !6 

Changes in haemodynamic values were not the primary 
variable in our study. The attenuation of the cardiovascular 
response to intubation after i.v. lidocaine has been 
recognized for some time. However, there are few studies 
examining the effects of im. administration. Bupivacaine 
was associated with a more stable haemodynamic status 
after both induction and intubation compared with control 
and lidocaine. Similarly, both lidocaine and bupivacaine 


were associated with a reduced increase in heart rate after 
intubation. Whether these were caused by the reduction in 
propofol doses, or by the direct effect of the im.-admin- 
istered local anaesthetics is unclear. 
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Sevoflurane anaesthesia in children after induction of anaesthesia 
with midazolam and thiopental does not cause epileptiform EEG 
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Background. Sevoflurane is a methyl ether anaesthetic commonly used for induction and 
maintenance of general anaesthesia in children. Sevoflurane is a non-irritant and acts quickly so 
induction Is usually calm. However, inhalation induction with high concentrations of sevoflurane 
can cause convulsion-like movements and seizure-like changes in the electroencephalogram 
(EEG). Little is known about the EEG during maintenance of anaesthesia with sevoflurane, 
so we planned a prospective trial of sevoflurane maintenance after iv. induction with 
benzodiazepine and barbiturate, which is another common induction technique in children. 


Methods. EEG recordings were made before premedication with midazolam (0.1 mg kg”! iv.), 
during induction of anaesthesia with thiopental (5 mg kg”), and during maintenance with sevo- 
flurane (2% end-tidal concentration in alr/oxygen without nitrous oxide) in 30 generally healthy, 
3- to 8-year-old children having adenoids removed. Noise-free EEG data of good quality were 
successfully recorded from all 30 children. 


Results. Two independent neurophysiologists did not detect epileptiform discharges in any of 
the recordings. 


Conclusion. Premedication with midazolam, i.v. induction with thiopental and maintenance of 
anaesthesia with 2% sevoflurane in air does not cause epileptiform EEG patterns in children. 
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Sevoflurane is a rapid, potent, halogenated volatile anaes- 
thetic with low solubility in blood. It is a non-irritant, of low 
pungency and children accept it easily. Therefore, sevo- 
flurane 1s often used to induce and maintain anaesthesia in 
children. 

Although sevoflurane is generally well tolerated, adverse 
effects have been reported. For example, coughing, 
laryngospasm, agitation and excitement may occur during 
sevoflurane anaesthesia.’ In some reports of inhalation 
induction with high concentrations, seizure-like electrical 
activity or movement has been reported with an incidence of 
20-88%.2> However, agitation during sevoflurane anaes- 
thesia is not usually associated with seizures® and 
sevoflurane is not contraindicated in patients with epilepsy.’ 

Although induction of anaesthesia with sevoflurane has 
been investigated extensively, less is known about the 
electroencephalogram (EEG) during maintenance of anaes- 
thesia with sevoflurane. In our hospital we induce anaes- 


thesia with i.v. midazolam and thiopental, and then maintain 
anaesthesia with sevoflurane. Because both midazolam and 
thiopental may reduce the likelihood of seizures, we studied 
this anaesthesia regimen, looking for epileptiform changes 
in the EEG during anaesthesia induction and maintenance. 
We recorded EEG before premedication and continuously 
during anaesthesia induction and maintenance until electro- 
cautery was used for the first time. 


Methods 


We studied 30 children (aged 3-8 years) with ASA I 
physical status who were to undergo adenoidectomy in our 
day-case surgery unit. Patients were excluded if they had 
epilepsy, a history of febrile convulsions, asthma. or kidney 
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Fig 1 Flowchart of the study 


or liver dysfunction. Data were collected between October 
2000 and February 2001. The study was approved by the 
Ethics Committee of Kuopio University Hospital and was 
conducted in accordance with the latest revision of the 
Declaration of Helsinki. All parents and children old 
enough were informed and gave written consent. 

All children received the same anaesthesia. EMLA cream 
(Astra, Sddertelje, Sweden) was used for skin analgesia. 
After baseline measurements, midazolam (0.1 mg kg iv.) 
was given. Five minutes later, anaesthesia was induced with 
thiopental (5 mg kg” i.v.) and tracheal intubation was 
facilitated by cis-atracurium (0.1 mg kg” i.v.). Patients 
were ventilated with oxygen in air to maintain an end-tidal 
carbon dioxide partial pressure of 4.8-5.5 kPa. Sevoflurane 
was started 3 min after the induction and adjusted to keep 
the end-tidal concentration at 2%. Fentanyl (1 ug kg™ i.v.) 
was given before surgery started. On completion of surgery, 
neuromuscular block was antagonized with neostigmine and 
glycopyrrolate. All children were given 5% glucose in 0.3% 
saline for intraoperative fluid maintenance. Intraoperative, 
non-invasive arterial pressure, electrocardiography, periph- 
eral oxygen saturation, inspiratory and end-tidal oxygen, 
carbon dioxide and sevoflurane concentrations were 
monitored continuously by Cardiocap/5 (Datex-Ohmeda, 
Helsinki, Finland). 

The EEG was recorded with a five-channel EEG 
measuring machine, EMMA (developed at the Department 
of Clinical Neurophysiology, Kuopio University Hospital, 
Kuopio, Finland). The EMMA EEG machine has been 
validated and there are no differences compared with a 
standard EEG machine that could affect the results.” Ag/ 
AgCI electrodes were placed on the scalp according to the 
international 10-20 system. The EEG signal was recorded 
from the electrodes F4 and Fz which were referenced to C4’ 
(2 cm behind C4). Additional M1 and O2 electrodes 
referenced to C4’ were used for the first 11 patients. 
Electrode—skin impedances were <5 KQ. The signal was 
amplified, digitized at a rate of 279 Hz and stored on a PC 
for off-line analysis. Baseline EEG was recorded before 
premedication. EEG was then recorded continuously until 
electrocautery was used for the first time. Two children 
received midazolam (0.1 mg kg™ i.v.) and one child 
thiopental (1 mg kg™ i.v.) before baseline recordings to 
facilitate connection of electrodes. These three children 


were included in the EEG analysis as agreed in the tral 
protocol. 

The EEG signal was inspected by two independent 
neurophysiclogists (S W-P, J P) for detecting possible 
epileptiform discharges. They knew the purpose of the 
study, but the records were viewed with no patient details 
given. The EEG signal was classified as fast beta activity 
(>13 Hz), alpha activity (8-13 Hz), theta activity (5-8 Hz) 
and delta activity (<4 Hz). Figure 1 shows the timing of the 
events during the EEG record. 

After 30 min of EEG recording, a mouth gag was inserted _ 
and the adenoids were removed using a curettage technique. 
Haemostasis was controlled with temporary nasopharyngeal 
packs and by suction electrocautery when needed. After 
surgery, children were transferred to the post-anaesthesia 
care unit for continuous monitoring of vital signs and 
measurement of pain. Postoperative pain was treated with 
ketoprofen (2 mg kg” i.v.), and fentanyl (1 ug kg” i.v.) was 
used for rescue analgesia. All children were discharged after 
3—4 h. 


Statistical analysis 


A sample size of 30 patients is commonly used in this kind 
of study,” and was considered sufficient also for the 
present trial to detect a clinically important incidence of 
EEG abnormality. A sample size of 30 children has a 0.8 
power to detect an incidence >27% at a significance level of 
0.05. 

Friedman’s test was used for statistical comparison of 
repeated measures of arterial pressure and heart rate, 
followed by Wilcoxon's signed-rank test with Bonferroni 
correction if indicated. Significance was set at P<0.05. 

Data are presented as mean (SD) and range as appropriate. 


Results 


The patients’ characteristics are summarized in Table 1. All 
the parents/children asked gave consent and participated in 
the trial. Apart from two children who received midazolam 
and one child who received thiopental before the baseline 
measurements were taken, there were no other significant 
protocol violations. All 30 children were included in the 
EEG analysis. 
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Table 1 Patient characteristics. Data are number of cases, mean (SD) and 
[range} 


Sex (M/F) 10/20 

Weight 21 (7) kg [12-48] 
Height 112 (10) cm [96-140] 
Age 62 (18) month [37-104] 


Noise-free EEG data of good quality was successfully 
recorded for every child. Baseline EEG was normal and the 
background activity was according to age. A few seconds 
after midazolam injection, beta activity was seen in the EEG 
of each patient. Thiopental injection caused a prompt 
appearance of high amplitude delta waves. This delta 
activity gradually decreased over 3 min and had almost 
disappeared before sevoflurane was started. 

After starting sevoflurane inhalation the EEG showed 
mainly mixed delta activity with various amounts of beta 
waves superimposed. Occasionally, this pattern resembled 
delta with spikes, but epileptiform spikes were not detected. 
No other epileptiform EEG pattern, such as suppression 
with spikes, rhythmic polyspikes or periodic epileptiform 
discharges, was seen. During anaesthesia with sevoflurane, 
the EEG showed mixed delta/theta/beta activity (Fig. 2). 


Discussion 

In clinical trials, volatile anaesthetics are commonly given 
as single agents to avoid interaction with other drugs. 
However, this 1s not often clinical routine so we designed 
the present study to determine whether sevoflurane may be 
used safely for anaesthesia maintenance following i.v. 
induction. It seems that the regimen used (i.e. premedication 
with midazolam, induction with thiopental and anaesthesia 
maintenance with sevoflurane in oxygen/air) does not cause 
any epileptiform activity. Our results suggest that sevo- 
flurane administration is compatible with midazolam, 
thiopental, fentanyl and cis-atracurium as commonly used 
in paediatric anaesthesia. 

Midazolam is frequently used in paediatric anaesthesia. !° 
In addition to anxiolysis and sedation, midazolam also has a 
significant anticonvulsant effect’! that makes it appropriate 
for co-induction with sevoflurane. Both midazolam and 
thiopental increase the threshold for convulsions and reduce 
the incidence of EEG abnormality. An increase in beta 
activity seen after midazolam injection was expected 
because benzodiazepines are known to enhance beta 
activity. 

Sevoflurane can cause epileptiform EEG signals when 
used for inhalation induction with hyperventilation. Vakkuri 
and co-workers* used high sevoflurane concentrations (8% 
in nitrous oxide in oxygen) for anaesthesia induction and 
found several forms of abnormal EEG. Suppression with 
spikes, rhythmic polyspikes and periodic epileptiform 
discharges were found in most children; the incidence of 
these abnormalities was 88%. In contrast, Constant and 
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Fig 2 An EEG recording of a 6-yr-old girl Tıme window ıs 5 s, 
derivation F4-Fz (a) Baseline EEG with eyes open, (b) beta activity 
after midazolam, (c) hıgh amplitude delta waves after thiopental 
induction, (d) muxed delta/theta/beta activity dumng sevoflurane 
maintenance. 


co-workers® did not find any seizures in children during 
inhalation induction with three different regimens. After 
midazolam premedication children were given either a rapid 
induction with 7% sevoflurane in oxygen; induction with 
incremental concentrations of sevoflurane of 2, 4, 6 and 7% 
in oxygen; or induction with halothane. They found a 
difference between sevoflurane and halothane. With sevo- 
flurane, sharp slow waves with very fast rhythms were 
commonly seen, whereas slow waves and fast rhythms were 
observed with halothane. 

Recently, an increase in the heart rate has been shown to 
develop during inhalation induction with various volatile 
anaesthetics, and higher heart rates are particularly common 
during concurrent epileptiform discharges.4°'?!* In the 
present study the heart rate did not increase with sevoflurane 
inhalation. However, a significant increase in the heart rate 
and mean arterial pressure was seen during intubation, 
application of a mouth gag and surgical incision. This 
indicates that the anaesthesia used ın the present study was 
insufficient to completely abolish the haemodynamic 
responses to nociceptive stimuli. 

In previous studies, epileptiform potentials were seen 
during induction of anaesthesia with high sevoflurane 
concentrations. In the present study the end-tidal sevo- 
flurane concentration was set at 2% and no EEG problems 
occurred. It is not clear whether the lack of epileptiform 
potentials 1s because thiopental and midazolam were given 
or because a lower dose of sevoflurane was used. 
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We stopped recording when electrocautery was used for 
the first time and no EEG was recorded during emergence 
from anaesthesia. Because a high incidence of agitation 
during emergence from sevoflurane anaesthesia has been 
reported in previous trials,’ it would be interesting in future 
to record EEG during recovery from anaesthesia. 

We conclude that anaesthesia maintenance with 2% 
sevoflurane in oxygen/air in children after i.v. induction 
with midazolam and thiopental does not elicit seizure-like 
changes in the EEG. 


References 


| Goa KL, Noble S, Spencer CM. Sevoflurane in paediatric 
anaesthesia. Paediatr Drugs 1999; 1: 127-53 

2 Woodforth JJ, Hicks RG, Crawford MR, et al Electro- 
encephalographic evidence of semure under deep sevoflurane 
anesthesla in a nonepileptic patient. Anesthesiology 1997; 87: 
1579-82 

3 Komatsu H, Tale S, Endo S, et al. Electrical seures during 
sevoflurane anesthesla In two pediatric patients with epilepsy. 
Anesthesiology 1994; 81: 1535-7 

4 Vakkuri A, Yli-Hankala A, Sarkela M, et al. Sevoflurane mask 
induction of anaesthesra ts associated with epileptiform EEG in 
children. Acta Anaesthesiol Scand 2001; 45: 805-11 

5 Adachi M, Ikemoto Y, Kubo K, et al. Seizure-like movements 
during induction of anaesthesia with sevoflurane. Br { Anaesth 
1992; 68: 214-15 


856 


é Constant |, Dubois M-C, Piat V, et al. Changes in electro- 


encephalogram and autonomic cardiovascular activity during 
Induction of anesthesla with sevoflurane compared with 
halothane In children. Anesthesiofogy 1999; 91: 1604-15 


7 Britsh National Formulary. London: BMA, 2000; 40: 572-3 
8 World Medical Association Declaranon of Helsinki. Ethical 


Principles for Medical Research Involving Human Subjects. 52nd 
World Medical Association, General Assembly, Edinburgh, UK, 
October 2000 


9 Ypparlla H, Karhu J, Westeren-Punnonen S, et al. Evidence of 


10 


12 


auditory processing during postoperative propofol sedation. Cin 
Neurophysiol 2002; 113: 1357-64 

Brosius K, Bannister C. Effect of oral midazolam premedication 
on the awakening concentration of sevoflurane, recovery times 
and bispectral index in children. Paediatr Anaesth 2001; II: 
585-90 

Scott R, Besag F, Boyd S, Berry D, Neville B. Buccal absorption of 
midazolam: pharmacokinetics and EEG pharmacodynamics. 
Epilepsia 1998; 39: 290-4 

Holmes G, Kortelin F. Drug effects on the human EEG. Am J EEG 
Technol 1993; 33: 1-26 


13 Janet! V, Yil-Hankala A. Correlation of instantaneous heart rate 


and EEG suppression during enflurane anaesthesia: synchronous 
Inhibition of heart rate and cortical electrical activity? 
Electroencephalogr Clin Neurophysiol 1990; 76: 476-9 

Yli-Hankala A, Jantti V. EEG burst-suppression pattern correlates 
with the Instantaneous heart rate under isoflurane anaesthesia. 
Acta Anaesthesiol Scand 1990; 34; 665-8 


British Journal of Anaesthesia 89 (6). 857-62 (2002) 


Esmolol prevents movement and attenuates the BIS response to 
orotracheal intubation’ 


C. Menigaux’, B. Guignard’, F. Adam’, D. I. Sessler”, V. Joly! and M. Chauvin!* 


"Département d’Anesthésie-Réanimation, Ambroise Pare Hôpital, 9 Avenue Charles de Gaulle, F-92100 
Boulogne-Billancourt, France. 7Outcomes Research® Institute and Department of Anesthesiology, University 
of Louisville, Kentucky, USA; Ludwig Boltzmann Anesthesia Institute, University of Vienna, Vienna, Austria 


*Corresponding author. E-mail: marcel.chauvin@apr.ap-hop-paris.fr 


Background. Beta-adrenergic agonists enhance behavioural and electroencephalographic 
arousal reactions. We explored whether adding esmolol, a short-acting B,-adrenoceptor 
antagonist, to propofol anaesthesia modified the bispectral index (BIS) during induction of 
anaesthesia and orotracheal intubation. 


Methods. Fifty patients were randomly allocated, in a double-blind fashion, to receive esmolol 
| mg kg“! followed by 250 ug kg! min! or saline (control). Esmolol or saline was started 6 min 
after a target-controlled infusion (TCI) of propofol (effect-site concentration 4 ug m’). After 
loss of consciousness, and before administration of vecuronium 0.1 mg kg™', a tourniquet was 
applied to one arm and inflated to 150 mm Hg greater than systolic pressure. Eleven minutes 
after the TCI began, the trachea was intubated; gross movement within the first min after 
orotracheal intubation was recorded. BIS was recorded at 10-s intervals. Mean arterial 
pressure (MAP) and heart rate were measured non-invasively every min. 


Results. There were no intergroup differences In BIS, heart rate or MAP before laryngoscopy. 
BIS increased significantly after orotracheal intubation (compared with the pre-laryngoscopy 
values) in the control group only, with a maximum increase of 40 (sD 18)% vs 8 (11)% in the 
esmolol group (P<0.01). Maximum changes In heart rate [45 (19)% vs 23 (14)%] and MAP 
[62 (24)% vs 45 (23)%] with orotracheal intubation were also significantly greater in the control 
group than in the esmolol group. More patients in the control than In the esmolol group 
moved after orotracheal intubation (23 vs 12, P<0.01). 


Conclusion. Esmolol not only attenuated haemodynamic and somatic responses to 
laryngoscopy and orotracheal intubation, but also prevented BIS arousal reactions in patients 
anaesthetized with propofol. 
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Noxious stimulation during general anaesthesia causes 
various reactions, including movement, sympathetic ner- 
vous system stimulation, and arousal reactions that may be 
detected on the electroencephalogram (EEG). ? For 
example, laryngoscopy and orotracheal intubation increase 
the bispectral index (BIS), as well as haemodynamic 
variables.” Both BIS and the haemodynamic responses to 
noxious stimulation are attenuated by opiate administra- 
tion.!? These results suggest that BIS monitoring can help 
to detect inadequate analgesia during general anaesthesia. 


Esmolol, a short-acting B;-adrenoceptor antagonist, pro- 
duces dose-dependent attenuation of the adrenergic re- 
sponse to laryngoscopy and orotracheal intubation.* 
However, previous studies assessing the effectiveness of 
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esmolol in blunting the haemodynamic alterations induced 
by laryngoscopy and orotracheal intubation failed to 
monitor electrical activity of the brain. Only a few studies 
have evaluated the effect of teraction between 
B-adrenoceptor antagonists and anaesthetics on BIS.°° 
They raised the possibility that esmolol administration 
may mask inadequate anaesthesia. 

It is also known that esmolol decreases the amount of 
anaesthesia required to prevent movement in response to 
skin incision.”* Although a correlation between BIS and 
movement ‘has been observed under some circumstances,” 
no relationship has been observed in other studies.’°'! A 
poor relationship between movement and BIS is under- 
standable since EEG measures cortical activity, whereas 
movement in response to noxious stimulation originates in 
the spinal cord.'* Our purpose was therefore to determine 
whether preventing haemodynamic responses during 
laryngoscopy and orotracheal intubation with esmolol 
simultaneously ameliorates somatic and BIS arousal 
reactions. 


Materials and methods 


After approval from the Medical Ethics Committee of the 
Hôpital Ambroise Pare, we obtained written informed 
consent from 50 patients. All were ASA physical status I 
or II, aged 18-70 yr, and scheduled for elective non-cranial 
surgery. Exclusion criteria included neurological, cardiac or 
metabolic disease, chronic hypertension, asthma or reactive 
airway disease, cardiovascular or B-blocker medication, 
routine use of analgesics or hypnotic medication, drug or 
alcohol abuse, and obesity (>130% of ideal body weight). 

Patients were assigned randomly, in a double-blind 
fashion, to one of two groups (25 patients per group): 
control or esmolol. Group allocations were based on 
computer-generated codes. The hospital pharmacist pre- 
pared suitable syringes for each patient: a 10-ml syringe 
containing either isotonic sodium chloride (saline) or 
esmolol 100 mg in saline for the initial bolus, and a 50 ml 
syringe containing either saline or esmolol 250 mg diluted 
in saline for the continuous infusion. Patients and personnel 
involved in patient management and data collection were 
unaware of the group assignment. 

Figure 1 shows the time line for the study protocol. No 
sedative premedication was given. After preoxygenation, 
the subjects were anaesthetized with i.v. propofol. The 
patients were manually ventilated to maintain end-tidal 
carbon dioxide concentration between 30 and 35 mm Hg 
until laryngoscopy and orotracheal intubation; subsequently, 
they were mechanically ventilated with oxygen 40%. 
Propofol was administered via a computer-assisted infusion 
device (Fresenius Vial Medical, Brezins, France) using a 
program written in Visual Basic® 5 (Microsoft Corporation, 
Redmond, OR, USA) by one of the investigators (BG). The 
pharmacokinetic set published by Marsh and colleagues’? 
was used to estimate target effect-site concentrations of 
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Fig 1 Details of study. 


propofol. The plasma effect-site equilibrium rate constant 
(Keo) value used for propofol was 0.638 min™.!? Propofol 
was administered to a target effect-site concentration of 4 ug 
ml’ (i.e. 2 mg kg”? bolus followed by 225 ug kg min`’) 
during the entire study period. 

The isolated-arm technique was used to evaluate patient 
movement after administration of the neuromuscular block- 
ing agent.” After loss of consciousness, an arm tourniquet 
was inflated to 150 mm Hg above systolic pressure; 
vecuronium 0.1 mg kg™ was then given. Six minutes after 
the propofol target-controlled infusion (TCI) began, the 
esmolol group was given a bolus of esmolol 1 mg kg”, 
followed by an infusion of 250 pg kg™ min’. The control 
group was given a comparable volume of saline. The trachea 
was intubated 11 min after the start of the propofol infusion. 
The same investigator (CM) performed the laryngoscopy 
and orotracheal intubation in every patient, while a second 
investigator (BG) noted the duration of laryngoscopy and 
orotracheal intubation, defined as the time from mouth 
opening until inflation of the tracheal tube balloon. This 
second examiner also assessed patient movement in 
response to laryngoscopy and orotracheal intubation. A 
positive response was defined as gross purposeful move- 
ment of the arm with the tourniquet attached within 1 min of 
orotracheal intubation. Hypotension was defined as a mean 
arterial pressure (MAP) <60 mm Hg and bradycardia as 
heart rate <50 beats min™!. The study ended 16 min after 
starting the propofol. 

Before induction of anaesthesia, silver/silver chloride 
pre-gelled electrodes (Aspect Medical Systems, Natick, 
MA, USA) were applied to the left and right frontal (Fp1 
and Fp2) regions and referred to a vertex electrode (Cz). We 
confirmed that electrode impedance was <2000 Q. The EEG 
was recorded continuously using an Aspect A-1000 EEG 
monitor (Aspect Medical Systems, Natick, MA, USA), 
which also continuously computed the BIS (revision 3.3). A 
BIS value was generated every 10 s. Arterial pressure and 
heart rate were measured non-invasively every minute using 
a Cardiocap monitor (Datex, Helsinki, Finland), and 
acquired simultaneously with the EEG using multi-serial 
interfaces between the monitors and a personal computer. 
All acquired data were stored on disk for subsequent 
analysis. 

The BIS values given are the mean of six measurements 
taken at each data point. The recordings were taken before 
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induction; before the start of esmolol or saline; 1, 3 and 5 
min (pre-laryngoscopy) after the start of the esmolol 
infusion; and 1, 2 and 5 min after orotracheal intubation. 

Changes in BIS, heart rate and MAP with orotracheal 
intubation (ABIS, AHR and AMAP, respectively) were 
defined as the differences between the pre-laryngoscopy 
values and the maximal value obtained for each variable 
within the first 5 min after orotracheal intubation. 

On the first postoperative day, patients were asked 
whether they recalled any intraoperative events. 


Statistical analysis 


All statistical analyses were performed using Statview 
(Version 5.0, SAS Institute Inc., Cary, NC, USA). Physical 
characteristics, durations of laryngoscopy and orotracheal 
intubation, and maximum ABIS, AHR and AMAP during the 
5 min following orotracheal intubation were evaluated using 
analysis of variance (ANOVA). The BIS, heart rate and 
MAP at each time point in each group and ABIS, AHR and 
AMAP from baseline were analysed using ANOVA and 
repeated-measures ANOVA. To evaluate the stability of the 
BIS recordings, the coefficients of variation of the BIS 
values obtained within the 1-min periods were calculated for 
each individual. 

Fisher's exact test was used to compare the proportion of 
patients with movement in each group. When a difference in 
proportions was found betwen the groups, pair-wise com- 
parisons were performed. Results are presented as mean 
(SD); P<0.05 was considered statistically significant. 


Table 1 Physical characteristics of the control and esmolol groups. Data are 
mean (SD or range) 


Control Esmolol 
n=25 nc25 
Age (yr) 36 (18-54) 37 (19-53) 
Weight (kg) 71 (15) 68 (16) 
Height (cm) 172 (AD 173 (10) 
Sex (m/f) 18/7 15/10 
Intubation duration (s) 37 (21) 47 (28) 


Results 


No significant differences were found between the esmolol 
and control groups with respect to age, weight, height, sex 
ratio or the duration of laryngoscopy and orotracheal 
intubation (Table 1). BIS, heart rate and MAP during the 
pre-induction period were also similar in the two groups 
(Table 2). 

In all patients, BIS values obtained within each l-min 
period before laryngoscopy were stable, with a coefficient 
of variation that did not exceed 10%. BIS values, heart rate 
and MAP did not differ significantly between the two groups 
before laryngoscopy (Table 2). Furthermore, BIS values 
remained stable from injection of esmolol or saline to 
laryngoscopy, with a coefficient of variation of less than 
15% in each patient (Fig. 2). 

Laryngoscopy and orotracheal intubation were associated 
with a significant increase in BIS (compared with the pre- 
laryngoscopy values) in the control group only (Table 2 and 
Fig. 2), with a maximal increase of 40 (sp 18)% (range 
6-90%), compared with 8 (11)% (range 048%) in the 
esmolol group (P<0.01; Fig. 3). 

Maximum AHR and AMAP after orotracheal intubation 
from pre-stimulus values were significant (P<0 05) for both 
groups; however, these changes were significantly greater in 
the control group (MAP: 62 (sD 24)% vs 45 (23)%, P<0.01; 
heart rate: 45 (19)% vs 23 (14)%, P<0.05; Fig. 3). More 
patients moved in response to laryngoscopy and orotracheal 
intubation in the control group (23 of 25) than in the esmolol 
group (12 of 25) (P<0.01). ABIS, AHR and AMAP did not 
correlate with the presence or absence of movement in the 
esmolol group (Fig. 3). Neither hypotension nor bradycardia 
was noted in either group. None of the patients reported 
recall of intraoperative events when questioned on the first 
postoperative day. 


Discussion 

Esmolol is clinically effective in attenuating adrenergic 
responses to a number of noxious intraoperative stimuli, 
including laryngoscopy and orotracheal intubation.* The 
present study demonstrated that esmolol not only attenuated 
the haemodynamic and gross motor responses to laryngo- 
scopy and orotracheal intubation, but also prevented arousal 


Table 2 Bispectral index (BIS), heart rate and mean arterial pressure (MAP) for the control (n=25) and esmolol (n=25) groups Values are mean (SD) 
*P<0.001 vs pre-esmolol value; 1P<0.05, *P<0.001 vs pre-laryngoscopy values; §P<0 05, 1P<0.001 vs control group. OTI=orotracheal intubation 





BIS Heart rate MAP 

Control Esmolol Control Esmolol Control Esmolol 
Pre-induction 970) 97 (1) 7111) 70 (13) 86 (14) 88 (12) 
Pre-esmolol 44 (6) 44 (8) 68 (9) 68 (11) 81 (17) 83 (14) 
Pre-laryngoscopy 45 (6) 43 (6) 69 (7) 64 (11) 79 (15) 77 (14) 
1 mu after OTI 61 (10) * * 43 (1 96 (18) * * 75 (8) #17 130 (26) * * 109 (16) * # 
2 mun after OTI 53 (10) * 41 (9)1 83 (14) * 70 971 109 (22) + 97 (18) * ê 
5 min after OTI 47 (9) 40 (6) 1 74 (13) 67 (11) * 90 (16) 86 (15) 
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Fig 2 Individual bispectral index values: before induction; 1 min before esmolol, 1, 3 end 5 mins (pre-laryngoscopy) after the start of esmolol 
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Fig 3 Maximum changes of heart rate (AHR), mean arterial pressure (AMAP), and bispectral ındex (ABIS) after orotracheal intubation expressed as 
percentage of values recorded before laryngoscopy in the control and esmolol groups Each symbol represents an individual patient. The horizontal 
bars denote mean values for each variable. *P<0.05; **P<0.01 vs control group. 


reactions, as indicated by attenuated BIS increases after the 
stimulation of laryngoscopy and orotracheal intubation. Our 
current data support those we reported previously with high- 
dose remifentanil.” Together, these findings suggest that 
esmolol and opioids similarly influence BIS during propofol 
anaesthesia. 

There is a dose-dependent risk of hypotension and 
bradycardia before laryngoscopy when esmolol is combined 
with anaesthesia induction agents.* However, the esmolol 
regimen used in the present study did not result in any 
deleterious haemodynamic effects. We did not use opioids, 
which may have decreased heart rate and MAP before 
laryngoscopy in other studies.*'* Compared with earher 
reports,’ i4 esmolol was more effective in this study in 


controlling tachycardia than the pressor response to 
laryngoscopy and orotracheal intubation. This difference 
is consistent with the different mechanisms involved in each 
response: bredycardia results from a direct cardiac effect of 
esmolol whereas hypotension results from a gradual 
decrease in renin release.” As might be expected, the 
time required to obtain 90% of the maximum decrease in 
heart rate (4.8 min) is far shorter than that for the same 
decrease in MAP (42 min).’° 

Esmolol decreased the incidence of movement in 
response to laryngoscopy and orotracheal intubation. 
These results are consistent with reports that esmolol 
reduces the propofol concentration required to prevent 
movement in response to skin incision.’ In that study, 
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propofol was combined with nitrous oxide and morphine 
premedication.’ Interaction between any of the anaesthetic 
components, specifically with nitrous oxide or morphine 
and esmolol, may have caused the effect. In fact, the same 
group found that esmolol had no effects on isoflurane 
minimum alveolar concentration (MAC) alone, but that 
MAC was decreased when esmolol was given along with 
alfentanil, suggesting a possible potentiation of opioid 
action by esmolol.® That study only evaluated movement 
and haemodynamic responses to skin incision. In contrast, 
our current study indicates that propofol combined with 
esmolol alone, at a similar dose to that used by Johansen and 
co-workers,® blunted nociceptive reactions to laryngoscopy 
and orotracheal intubation, including changes in BIS, as 
well as the autonomic and somatic responses. It is unclear 
whether our results are inconsistent with those of Johansen 
and co-workers® because there were differences in the 
design and anaesthetic regimens between the two studies. 
However, our results are consistent with two other studies, 
each of which demonstrated that esmolol can be used as an 
alternative to opioids for maintaining haemodynamic,° ! 
and BIS® stability during general anaesthesia. 

Addition of esmolol to general anaesthesia with propofol 
did not affect BIS before laryngoscopy. This observation 
suggests that esmolol does not modify BIS during general 
anaesthesia when substantial sympathetic activation is 
unlikely. It seems likely that esmolol has no anaesthetic 
effect per se; instead, it acts mainly via B-adrenergic block 
and is thus effective only during sympathetic activation. 
These results are consistent with a recent study reporting 
that the propofol blood concentration preventing response to 
command was unaltered by esmolol.” In contrast, 
Johansen!® showed that esmolol suppressed the EEG, with 
a decrease in BIS and an increase in the burst suppression 
ratio during propofol/alfentanil anaesthesia. However, in the 
latter study," surgical stimuli were not controlled and it 
seems likely that esmolol blunted the adrenergic response to 
them. 

Our results and previous studies Í clearly indicate that 
B-adrenoceptor antagonists not only block cardiovascular 
stress responses after noxious stimulation, which could 
mask inadequate anaesthesia, but also increase the anti- 
nociceptive component of anaesthesia. The mechanism for 
this effect remains unclear. One explanation may be a 
central antinociceptive effect of B-adrenoceptor block. 
Consistent with this hypothesis is the finding that i.v. 
esmolol’? decreases nociceptive behaviour in rats after 
formalin injection, as did intrathecal ONO 1101,”° another 
B,-adrenoreceptor antagonist. Noxious stimulation is trans- 
mitted through the spinal cord, the brainstem reticular 
formation and the thalamus to the cerebral cortex, where it 
evokes an EEG arousal response. Beta-adrenoceptors are 
present in various parts of the reticular activating system, 
particularly the medial septal region of the basal forebrain.”" 
Infusion of B-adrenoceptor agonists into this region elicits 
enhancement of behavioural and EEG indices of waking in 


animals.”' Conversely, infusion of B-adrenoceptor antag- 
onists decreases EEG indices of arousal.” Similarly in 
humans, infusion of isoprenaline™ or epinephrine”? causes 
clinical signs of arousal associated with an increase in 
BIS.” Additionally, BIS levels are significantly correlated 
with plasma norepinephrine concentrations after oral 
diazepam premedication.” This finding suggests that the 
noxious stimulation of laryngoscopy and orotracheal 
intubation increases central catecholamine concentrations, 
and that esmolol prevents the increase in BIS in response to 
laryngoscopy and orotracheal intubation by blocking 
B-adrenoceptors within the reticular formation. However, 
the pharmacokinetics of esmolol do not entirely support this 
hypothesis. Esmolol is hydrophilic, as is atenolol;” and like 
atenolol, it probably does not readily cross the blood—brain 
barrier.” The brain:plasma ratio for esmolol is unknown, 
but it was found to be 0.20 for atenolol, compared with 26 
and 50, respectively for the lipophilic B-adrenoreceptor 
antagonists, propranolol and oxprenolol. 

Another explanation may be an alteration of the 
pharmacokinetics of propofol by esmolol. Doses of esmolol 
similar to those we used were not found to change the 
performance of the propofol TCI device in two studies,’ !8 
whereas it increased the bias and reduced the inaccuracy of 
the TCI device in another.'’ Our finding, that BIS values 
before laryngoscopy were similar in the two groups, does 
not support this theory. In addition, esmolol has been shown 
to control intraoperative nociceptive responses dunng 
desflurane anaesthesia in a similar way to a comparative 
group that received desflurane and an opioid in the 
anaesthetic regimen.® In another study, patients B-blocked 
with atenolol required less fentanyl and isoflurane than 
unblocked control patients to produce similar BIS values.” 
However, we did not measure propofol concentrations and 
thus cannot eliminate a potential pharmacokinetic inter- 
action with esmolol. Moreover, esmolol, by attenuating the 
haemodynamic responses to laryngoscopy and orotracheal 
intubation, may have prevented the increase in cardiac 
output that would normally lead to redistribution of blood 
flow, with a resultant fall in the effect-site concentration of 
propofol and an increase in BIS. Thus, the exact mechanism 
of action of esmolol in blocking the BIS response to noxious 
stimulation is not understood. 

In conclusion, esmolol had no significant effect on BIS 
before laryngoscopy and orotracheal intubation in patients 
anaesthetized with propofol. However, it not only attenu- 
ated the haemodynamic responses, but also prevented 
movement and BIS increases in response to laryngoscopy 
and orotracheal intubation. These results suggest that 
esmolol may produce a clinically important antinociceptive 
effect. 
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Patient satisfaction with anaesthesia care: development of a 
psychometric questionnaire and benchmarking among six 
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Background. We describe the development and comparison of a psychometric questionnaire 
on patient satisfaction with anaesthesia care among six hospitals. 


Methods. We used a rigorous protocol: generation of items, construction of the pilot 
questionnaire, pilot study, statistical analysis (construct validity, factor analysis, rellabllity analy- 
sls), compilation of the final questionnaire, main study, repeated analysis of construct validity 
and reliability. We compared the mean total problem score and the scores for the dimensions: 
‘Information/Involvement in decision-making’, and ‘Continuity of personal care by anaesthetist’. 
The influence of potential confounding variables was tested (multiple linear regression). 


Results. The average problem score from all hospitals was 18.6%. Most problems are men- 
tioned in the dimensions ‘Information/Involvement in decision-making’ (mean problem score: 
30.9%) and ‘Continuity of personal care by anaesthetist’ (mean problem score: 32.2%). The 
overall assessment of the quality of anaesthesla care was good to excellent In 98.7% of cases. 
The most important dimension was ‘Information/Involvement in decision-making’. The mean 
total problem score was significantly lower for two hospitals than the total mean for all hospitals 
(significantly higher at two hospitals) (P<0.05). Amongst the confounding variables considered, 
age, sex, subjective state of health, type of anaesthesia and level of education had an influence 
on the total problem score and the two dimensions mentioned. There were only marginal differ- 
ences with and without the influence of the confounding variables for the different hospitals. 


Conclusions. A psychometric questlonnaire on patient satisfaction with anaesthesia care must 
cover areas such as patient Information, involvement In decision-making, and contact with the 
anaesthetist. The assessment using summed scores for dimensions is more informative than a 
global summed rating. There were significant differences between hospitals. Moreover, the high 
problem scores indicate a great potential for improvement at all hospitals. 
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Table 1 Questions on the pilot instrument 
Questions 


Possible answers 





How long did ıt take you to complete this questionnaire? 
How easy was ıt to answer this questionnaire? 


How casy was the questionnaire to understand? 


In your opmon, which questions should be made easier to understand? 


In your opmion, did the questionnaire ask all the important questions 
related to anaesthesia? 


In your opimion, which questions were not asked in the questionnaire? 





The evaluation of the quality of patient care depends on the 
level at which the assessment is conducted.’ From the 
patient’s point of view, the quality of the outcome is of 
major importance.” The evaluation of patient satisfaction 
based on their subjective perception of the quality of the 
process forms an important part of this.!* Previous projects 
to develop questionnaires on patient satisfaction with 
anaesthesia care have paid too little or no attention to two 
aspects.* First, the involvement of patients when develop- 
ing the questions, and second, proceeding according to a 
strictly defined plan using a psychometric procedure with a 
multi-item questionnaire. The results of single-item ratings 
regularly produce high scores but do not reflect the true 
nature of the anaesthesia care.* 8 The modern approach to 
quality measurement takes account not only of results from 
the researcher’s hospital, but also compares these results 
with those from other hospitals in the form of benchmark- 
ing. Papers published so far from the area of anaesthesia 
have mainly compared anaesthesia-related incidents and 
complications, and not the quality of the outcome, that is, 
the degree of patient satisfaction with anaesthesia care.” 1° 
The effects of confounding variables on patient satisfaction 
with anaesthesia care have been studied infrequently.” © The 
aim of this project was to develop a psychometric 
questionnaire in cooperation with patients- to assess their 
satisfaction with anaesthesia care. Furthermore, we com- 
pared the degree of patient satisfaction with different 
dimensions in six hospitals as a benchmarking study and, 
in doing so, took account of the possible effects of ten 
potentially confounding variables. 


Methods 


Generation of items 


A questionnaire must contain items on all factors important 
to the relevant domain. This is called content validity.’ 
After ethics committee approval and informed consent were 
obtained, we conducted four focus groups with patients who 
had been in the care of the anaesthetic teams because of 
elective surgery ın the past 3 months and had been 





Answer in minutes 
Very easy, easy; quite difficult; very difficult 


Very easy to understand, easy to understand; quite difficult to understand; 
very difficult to understand 


Code (number) of question(s) 


yes — completely, ves — somewhat, no 


Space for free comment 





discharged more than 1 week before (January 2000). The 
discussion guide was formulated using an expert question- 
naire (unpublished data), with the items in chronological 
order. The focus groups were led by a psychologist. The 
interviews were recorded on tape and also documented in 
the form of contemporaneous notes. Each group consisted of 
6-11 patients. We also incorporated input from anaesthe- 
tists, nurse anaesthetists, administrative assistants and 
published literature. 


Construction of the pilot questionnaire 


For the construction of the pilot questionnaire, the items 
were grouped in chronological order based on the usual 
course of treatment. Before constructing the pilot question- 
naire, we tested the items for comprehensibility and 
readability on lay members of staff. The questions were 
aimed at patients who had undergone elective surgery under 
general or regional anaesthesia. The pilot questionnaire 
contained questions on the instrument itself (Table 1), 
questions on the patient’s overall impression, and space for 
free comment. 


Pilot study 

The pilot study was conducted in April 2000 in two tertiary 
care hospitals in eastern Switzerland. Patients aged 16 yr 
and older were enrolled in the study. Out-patients and 
emergency admissions were excluded. The questionnaires 
were sent to the patients together with an accompanying 
letter and a stamped, addressed envelope. By including all 
eligible patients, the aim was to receive 100 completed and 
evaluable questionnaires per hospital. Questionnaires were 
sent to 200 patients from each hospital, 2 weeks after 
discharge. If no response was received after a further 2 
weeks, a second questionnaire was sent with a reminder 
letter. 


Final questionnaire 


The final questionnaire was applied between September 
2000 and January 2001 in six major hospitals in Switzerland 
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and Austria. The number of beds at each hospital ranged 
from 250 to 1480, and the number of anaesthetics per year 
from 5100 to 28 700. A total of 3785 questionnaires were 
sent to patients 1~2 weeks after discharge. The aim was to 
obtain at least 300 evaluable questionnaires from each 
hospital. Non-respondents were sent a second questionnaire 
2 weeks later, together with a reminder letter. 

The analysis of the construct validity and the creation of 
the dimensions with reliability analysis was repeated. Using 
standardized beta weights, we then calculated how great 
the relative influence of each of the dimensions was 
(importance)."? 

We also compared some perioperative characteristics 
(ASA class, extent of surgery, length of hospital stay, type 
of anaesthesia) of non-respondents to assess selection bias 
and representativeness. 


Benchmarking 


The comparison was based on the means of the total 
problem score and the two most frequently mentioned 
dimensions with problems (‘Information/Involvement in 
decision-making’ and ‘Continuity of personal care by 
anaesthetist’). Possible effects of the following variables 
on the frequency of problems in each dimension were 
investigated: age, sex, state of health, length of hospital stay, 
extent of surgery, ASA class, type of health insurance, 
number of hospital stays in the past 6 months, type of 
anaesthesia, and level of education. If an influence was 
found, we investigated whether the composition of the 
patient sample from the hospitals (‘“case-mix’) involved was 
the reason for the distortion of the benchmarking values. 
This made it possible to adjust the comparison between the 
individual hospitals for the confounding variables (1.e. to 
take into account effects caused by different composition of 
the patient samples). For the comparative analysis, the mean 
value over all hospitals (the total problem score and the 
scores for the two above-mentioned dimensions) were taken 
as reference. The hospitals were given letter codes A-F to 
preserve anonymity. 


Statistical analysis 


Pilot study: validity and reliability 


The findings of the pilot study were first of all subject to a 
missing-value analysis in order to establish whether the 
questions or navigational instructions should be made more 
specific. Subsequent analysis of distributions was conducted 
in order to eliminate items with very skewed distributions. 
The content validity of the pilot instrument was further 
checked using a free-comment question asking for ‘missing 
questions in the questionnaire’ (Table 1). All individual 
questions that measured potential problems were dichotom- 
ized (i.e. were assigned to one of two groups depending on 
whether a problem was mentioned). For example, for the 


question: Did you feel that you were adequately involved in 
the decision on the choice of anaesthesia? The following 
answers were possible: yes — completely (not a problem 
response); yes — to a certain extent, and no (problem 
responses). 

An individual global summed problem score was calcu- 
lated on the basis of this problem rating (proportion of 
problems mentioned for all relevant questions). We checked 
for construct validity by establishing with multiple linear 
regression whether the single items had an influence on the 
different aspects of overall care (for example: How would 
your rate the overall care you received for your anaesthe- 
sia?) or on the global summed problem score. If an item was 
of low statistical importance, we had to decide whether to 
retain or exclude it, based on its content. 


Creation of dimensions 


We then created higher-level dimensions to categorize the 
patient’s perception of quality on the basis of these 
individual problem ratings. To achieve this, we first of all 
subjected all problem indicators to exploratory factor 
analysis (principal component analysis, varimax rotation, 
scree test), to determine the number of dimensions that 
could be created from the problems mentioned.'* 

The internal consistency of the dimensions determined by 
factor analysis was then checked using reliability analysis. 
We calculated Cronbach’s coefficient alpha.’ °! A score 
from 0 to 100 was then calculated for each dimension, 
which reflected the proportion of problem ratings in the 
respective area. The results of this analysis were discussed 
and the questionnaire was modified accordingly for the main 
survey. 


Comparison of the hospitals and influence of 
potential confounding variables 


The mean problem scores between the. hospitals were 
compared using analysis of variance and simple linear 
regression, with the total mean problem score as one 
reference and the best value as the second. The effects of the 
potential confounding variables on each dimension were 
first determined univariately, followed by multivariate 
analysis using multiple linear regression (forward-stepwise 
method). In the case of significant effects of these 
confounders, adjustment was performed. The findings are 
expressed in per cent (mean) or as mean (SD). Ranges are 
presented where appropriate. All analyses were conducted 
using the SPSS 10 analysis package (SPSS Inc. Chicago, IL, 
USA). 

The multiple linear regression models, with and without 
adjustment for the confounding variables, are presented in 
the appendix.* 





*The appendix is available to subscribers with the online version of the 
journal at the journal website. 


865 


Heidegger et al 


Table 2 Results from focus groups 


Ansesthetist 





Must create an atmosphere of calm and give competent and comprehensive information and respond to the needs of the patient 


Consultation before operation Enough time, undisturbed atmosphere, discuss msks and put them into perspective, use language which is easy to understand; 
ideally the same person should perform the anaesthesia 


Anxettes and fears 


Not to wake up from anaesthesia, pain during surgery; side-effects of regional anaesthesia (paralysis) 


On the day of the anaesthesia Long waiting periods were felt to be very unpleasant (especially 1f no reasons are given) 


Dunng surgery 
Waking up from anaesthesia 
Pain management 





Results 


Focus groups 


Table 2 summarizes the results from the focus groups. 


Pilot questionnaire 

The pilot questionnaire consisted of eight specific areas with 
a total of 53 questions. The areas were: before admission, 
patient information, day of anaesthesia, preparation for 
anaesthesia, during surgery (regional anaesthesia only), 
recovery room, return to the ward, and anaesthetist/nurse 
anaesthetist. 

The overall response rate (including responses to 
reminder letters) was 61%. Ninety-three percent of respond- 
ents said the questionnaire was very easy or easy to 
complete, and 96% said it was very easy or easy to 
understand. Ninety percent of respondents completed the 
questionnaire within 20 minutes. Eighty-nine percent of 
respondents felt that all important questions related to 
anaesthesia had been asked, and 9% that some of them had 
been asked. 


Pilot study 


Missing-value analysis 

Additional categories were incorporated into the final 
questionnaire, such as the possible response: I underwent 
combined (regional and general) anaesthesia, for the 
question on the type of anaesthesia. 


Analysis of distribution 

Some questions, particularly those that assessed overall 
satisfaction, showed very skewed distributions. The ques- 
tion ‘Would you recommend the anaesthesiologist who 
looked after you to your family and friends?’ was excluded 
from the final questionnaire for this reason. 

Only a few suggestions for missing questions were 
received, which supports the content validity of the pilot 
instrument. Additional questions suggested by patients 
therefore only resulted in minor modifications to the list 
of questions and were mainly related to the long-term after- 
effects of anaesthesia. 

The analysis of construct validity using multiple linear 
regression of each individual aspect on the overall satisfac- 
tion was performed to establish the importance of individual 


Regularly asking patients how they feel ıs important 
Thirst, pain; rapid information on the outcome of surgery 1s important 
Involve the patient, patient-controlled analgesia is appreciated 


- aspects in the overall assessment. Since the questions on the 


overall impression (for example: How would you rate the 
overall assessment of care you received for your anaesthe- 
sia) were only of limited suitability because of their 
extremely skewed distributions (only 0.5-1.8% of all ratings 
were fair and poor), this analysis was primarily based on the 
global summed problem score. Taking into account the 
eight most important items, this resulted in an R? value of 
0.85. 

The factor and reliability analysis to enable grouping of 
the individual aspects into problem dimensions resulted in 
three scales with a Cronbach’s alpha of >0.7 each 
(‘Information/Involvement in decision-making/Continuity 
of personal care by anaesthetist’; ‘Respect/confidence’ and 
‘Delay management’), and two scales with a Cronbach’s 
alpha <0.7 (‘Pain management’ and ‘Nursing care in the 
recovery room’). 


Final questionnaire 


A total of 2348 questionnaires from six hospitals were 
included in the analysis. The response rate was 62% 
(including responses to reminder letters) (range 53-69%). 
The age range of the respondents was 16-92 yr, and the 
female:male ratio was 51:49. 

The analysis of the perioperative characteristics of the 
non-respondents showed that the type of anaesthesia and the 
extent of surgery had no influence on participation. The 
duration of the hospital stay (non-respondents had stays of 1 
day less) and the ASA class (the patients in higher classes 
were slightly less prepared to participate) had a slightly 
positive effect on the readiness to participate amongst the 
respondents. Seen overall, any skew was minimal. The 
proportion of the declared variance in the readiness to 
participate was well below 0.5% in each case. 


Creation and testing of dimensions 


A total of 29 dichotomous problem ratings were included in 
the factor analysis. On the basis of the scree test,!* a six- 
factor solution with an explained variance of 45.3% was 
selected as the best classification. The subsequent reliability 
analysis essentially confirmed the results of the factor 
analysis. The result showed that three of the dimensions had 
good internal consistency (Cronbach’s alpha >0.7) and that 
two were of lower quality (Cronbach’s alpha =0.43). The 
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Table 3 Number of items and mtemal consistency of each dimension (Cronbach’s alpha); means (%) of the individual problem ratings per dimension, 
importance of the individual dimensions in the total score for problem ratings. *Only patients who were in the recovery room or could remember being there 





Dimension No. of Cronbach’s Mean problem score Beta coefficient of 
items alpha in %; (valid N) total score (importance) 

Information/Involvement ın decision-making 9 0.72 30.9 (2295) 060 
Respect/Confidence 6 077 46 (2307) 0 26 

Delays 4 075 72 (2185) 0 16 

Nursing care ın recovery room 2 0.69 1 9 (1506)* 007 

Continuity of personal care by anaesthetist 4 0.43 32.2 (2324) 0.27 

Pain management 4 043 9.3 (2162) 0.16 

Total summed problem score 29 2 18.6 R°=0 97 


dimension ‘Nursing care in the recovery room’ consisted of 
only two items (Cronbach’s alpha =0.69) (Table 3). It was 
then possible to calculate for each patient the problem 
scores for the six dimensions as a percentage of the problem 
ratings he or she gave. 


Validity 

In a multiple linear regression model, all six scores for the 
dimensions made a significant contribution (P<0.001) to the 
total summed problem score, which means that none of 
them was without importance in the total score. The analysis 
of the standardized beta weights (importance) showed that 
the dimension ‘Information/Involvement in decision- 
making’ had by far the greatest influence. 

Table 4 shows the distribution of the potentially con- 
founding variables in the six hospitals. Table 5 shows the 
results of the univariate and multivariate analysis of the 
confounding variables considered. The results of the mul- 
tiple linear regression were as follows: (i) ‘Information/ 
Involvement in decision-making’ was by far the most 
important dimension, with a beta coefficient of 0.60.’ Only 
the confounding variables subjective state of health (the 
worse the state of health, the more critical the patient) and 
type of anaesthesia (patients who underwent general anaes- 
thesia were more critical) had an effect on the scores. (ii) 
‘Continuity of personal care by anaesthetist’ (problem score: 
32.6%; beta coefficient: 0.27) was influenced only by the 
factors age (the older the patient, the less critical), sex (men 
were less critical), and level of education (less criticism from 
those with lower level). (iii) Mean total problem score 
(problem score 18.6%) was influenced only by the factors 
age, sex, type of anaesthesia and subjective state of health 
(in accordance with the changes in the above-mentioned 
dimensions). 

Figures 1~3 show the influence of the confounding 
variables that had effects on the above two dimensions and 
the total problem score, and compare these for the six 
hospitals. It can be seen, for example, that for hospital D, the 
non-adjusted values for ‘Continuity of personal care by 
anaesthetist’ were artificially elevated. This was because the 
average age of the patients at this hospital was lower 
(47.6 yr, as opposed to total mean of 52.7 yr); also, the level 


of education of the patients at this hospital was higher. Since 
both variables implied a more critical attitude, the raw 
values (non-adjusted) were artificially elevated. This means 
that hospital D was at a disadvantage in the benchmarking 
process as a result of its patient case-mix. Overall, the 
values for the problem scores for the two dimensions 
differed only slightly before and after adjustment, since the 
patients at the six hospitals were very similar with regard to 
the confounding variables (age, subjective state of health) or 
the differences between the confounding variables at the 
individual hospitals led to only slight changes in the average 
problem scores (sex, level of education, type of anaesthe- 
sia). Comparison of the raw and adjusted values for the total 
problem score showed—as for the two dimensions—an 
artificial elevation for hospital D (mainly because of the 
influence of age; adjusted values were not significantly 
above the total mean), and also an artificial lowering for 
hospital F (mainly influenced by subjective state of health; 
adjusted values were significantly higher than the total 
mean). 


Discussion 

The most important findings were as follows: (i) A 
psychometric questionnaire for the assessment of patient 
satisfaction with anaesthesia care must cover areas such as 
patient information and involvement in decision-making, 
contact with the anaesthetist, confidence, respect, and delay 
management. (ii) The most frequently mentioned problems 
from all hospitals were related to the dimension 
‘Information/Involvement in decision-making’ (30.9%), 
and “Continuity of personal care by anaesthetist’ (32.2%). 
The values were lower than 10% for the other dimensions. 
(iii) By far the most important dimension was ‘Information/ 
Involvement in decision-making’. (iv) The evaluation of 
patient satisfaction with anaesthesia care based on the 
analysis of individual dimensions (mean total problem score 
18.6%) was clearly superior to the global summed rating 
(98.7% ‘good’ to ‘excellent’) in terms of method. (v) 
Relevant differences with regard to patient satisfaction with 
anaesthesia care were found between the hospitals. (v1) The 
effects of the confounding variables considered on the 
number of problems mentioned in the six hospitals were 
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Table 4 Distribution of potential confounding vanables ın the six hospitals (A-F). The first row for each variable contains numbers of patients, based on the 
information available. The remaining data are percentages. The category codes (1) to (5) represent the numeric coding for each variable used in the multiple 


linear regression 






































Confounding variable Category code Hospital 
A B Cc D E F Total 
Subjective state of health (7) 360 360 396 349 443 377 2285 
Excellent (1) 10.8 169 17.9 152 13.3 12.5 
Very good (2) 32.8 38.1 326 36.1 287 31.8 
Good (3) 41.9 350 35.1 33.8 395 37.7 
Moderate (4) 12.8 9.7 116 129 172 146 
Poor (5) 17 0.3 28 20 14 3.4 
Mean 2.62 2.38 249 250 265 2.55 255 
SD 0.90 0.89 1.09 0.97 096 0.96 09 
ASA class (n) 374 369 407 357 458 383 2348 
I() 259 44.1 57.2 423 415 345 
u (2) 56.2 423 31.2 46.8 504 470 
W (3) 174 13.3 111 109 81 180 
IV (4) 05 0.3 05 0 0 05 
Mean 193 170 155 169 167 1.85 1.72 
SD 0.67 0.70 0.71 062 072 0.69 069 
Age (n) 363 357 391 345 439 369 2264 
Mean 554 54- 506 476) 535 550 527 
sD 177 171 17.9 17.1 16.3 17.6 17.4 
Sex (n) 367 367 399 352 449 379 2313 
Female (1) 482 40.5 58 4 52.0 60.6 44.9 
Male (2) 518 59.7 416 480 394 55.1 
Hospital stays ın last 6 months (n) 355 330 366 327 422 346 2146 
1 (1) 66.2 713 689 703 66.8 62.7 
>i (2) 33.8 221 311 297 332 373 
Educational level (n) 355 347 384 341 447 368 2242 
Primary school/basic schooling (1) 169 144 18.5 11.4 159 209 
Secondary school/comprehensive (2) 16.9 112 81 70 116 43 
Vocational school (3) 423 53.0 46.9 49.0 445 49.5 
High school (4) 107 104 20.1 19.9 201 12.8 
Technical college/aniversity (5) 13.2 110 65 126 78 12.5 
Mean 2.86 292 288 3.15 2.92 2.92 294 
sD 121 1.11 113 1.10 112 123 115 
Extent of surgery (n) 374 369 407 356 458 383 2347 
Minor (1) 8.0 8.4 138 59 10.5 12.8 
Moderate (2) 602 74.3 66 8 716 664 62.1 
Major (3) 318 173 19.4 22.5 231 25.1 
Mean 224 209 2.06 2.17 2.13 2.12 2.13 
SD 0.59 0.56 057 051 0.57 060 056 
Insurance (n) 365 364 388 347 444 379 2287 
Standard (1) 60.8 63 2 851 83.0 78.6 69.4 
Sem-private/private (2) 392 36.8 14.9 17.0 214 30.6 
Duration of hospital stay (n) 374 369 405 354 458 383 2343 
Mean 84 83 76 7.6 8.1 71 7.8 
SD 7.0 63 74 78 69 14 7.15 
Type of anaesthesia (n) 374 369 407 357 458 383 2348 
General (1) 70.9 73.7 710 94.7 753 63.2 
Regional (2) 291 263 29.0 53 247 36.8 











only slight. In terms of method, however, despite the fact 
that the effects measured here were slight, evaluation and 
statistical analysis of the relevance of these variables is 
indispensable in ensuring that the benchmarking process is 
not distorted by case-mix.- 


Limitations of the study 


We did not conduct a ‘test-retest’ procedure because we 
were of the opinion that it was too much to expect patients to 
complete a third, and possibly even a fourth, questionnaire, 
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Table 5 Anatysis of the confounding vanables considered, Statistical influence of all potential confounders was tested first at the univariate level (first line in 
each cell), All vanables reaching a significance level of P<0.20 were entered simultaneously into a multivariate linear regression model. Method forward- 
stepwise with P(in)<0 05 and P (out)<0.10 for the covariates, forced entry of the hospital-dummues. The significance of variables in the multivanate model (1f 
appropnate) is shown ın the second column for those vanables Dim = dimension. P<0.20 (only bivariate), *P<005, **P<001; ***P<0 001, ns, not 








significant 
ee 
Total score Dim 1 Dim 2 Dim 3 Dim 4 Dim 5 Dim 6 
Subjective state of health oh akk akk wkk kak kih ns - ns — *_ kka tao 
ASA class ** ng a * Prd ns 
Age wry +3 ns — eee AGS eek FEE eh ++ eek eK ae k 
Sex ee eo = nets ns — xan KBE *_ 
Educational level *- 1.8. — ns — *- * TES See nS. — 
Exteat of surgery DLS nS. ns. ns ns 
Insurance bg s * * n8 *t 
Duration of hospital stay ns. * n8 ene ns 
tyk ke ahh REX wk + * = ++ *+ 


Type of anaesthesia 


Mean total problem score (%) 








Fig 1 Comparison of the non-adjusted and adjusted mean total problem scores (%) at sıx hospitals (A-F). *P<0.05 versus total mean 


and also felt that this would considerably increase the effort 
required in terms of practicability and cost. The value of 
retesting with regard to reliability is also controversial. It is 
generally accepted that, in order to obtain reliable results, 
the focus should be on internal consistency.© 

Although we had some perioperative characteristics from 
the non-respondents, we did not have further important 
additional information from these patients. In their study, 
Fung and Cohen’? also documented some personal details 
(age, sex, type of surgery), but did not state why the non- 
respondents did not reply. It would also be interesting to 
hear these patients’ opinions on their degree of satisfaction 
with their anaesthesia care. Socio-medical investigations 
have shown that non-respondents may evaluate care less 
favourably than those who do respond.’* In contrast, 
however, Ware and co-workers’ found that patients who 
were more satisfied with their quality of care were less 
likely to return questionnaires. 


Our response rate of 62% (n=2348) is lower than that 
achieved by Fung and Cohen (71%, n=45) and by Whitty 
and colleagues (73%, n=173).'° This may be because our 
questionnaire was returned to an independent institute for 
evaluation. 

It might be claimed that bias was introduced because two 
of the hospitals concerned participated in the pilot study, 
resulting in better scores in the main study. However, this is 
unlikely for the following reasons: first, different patients 
were surveyed in the pilot study and the final study; second, 
the two hospitals were not informed of the results of the 
pilot study, thus excluding the possibility of a shorter 
learning curve; third, there were only very slight differences 
between the overall problem scores for these two hospitals 
in the pilot study and the final study. 

Although data do exist on predictors of postoperative 
outcome, 1"! no findings are available on the influence of 
confounding variables on patient satisfaction.” © Our results 
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Fig 3 Companson of the non-adjusted and adjusted mean problem scores (%) for the dimension ‘Continuity of personal care by anaesthetist’ at six 


hospitals (A-F). * P<0.05 versus total mean 


showed that the subjective state of health, age, sex, level of 
education and type of anaesthesia had an effect on the 
dimensions ‘Information/Involvement in decision-making’ 
and ‘Continuity of personal care by anaesthetist’. However, 
the extent of surgery, type of insurance, number of hospital 
stays in the past 6 months, duration of hospital stay and the 
ASA class had no influence on the number of problems 
mentioned. The variables selected may not be the most 


appropriate, since some of them were derived from 
outcomes research, !” and we were only able to perform 
analyses with the confounding variables we selected. We 
did not include, for example, social desirability as a 
confounding variable, as proposed by Le May and co- 
workers,° as the social desirability bias was minimized in 
our study by sending out questionnaires and not having 
interviewers present. 
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Comparisons with results from other studies 


Comparisons with other studies on patient satisfaction with 
anaesthesia care are difficult, since at present there is little 
or no similar published work in this area. © Moreover, 
current studies on patient satisfaction are of questionable 
value.® 771 

The development of a psychometric questionnaire must 
follow a ngorous protocol.>7!! 1222 For example, Sitzia’ 
states that the prerequisites for a valid and reliable 
questionnaire are the presence of some elements of content 
validity and construct or criterion validity and reliability 
(internal consistency). According to Le May and co-workers® 
and Wu and co-workers,” none of the papers quoted by 
them followed such a mgorous protocol to measure patient 
satisfaction with general or regional anaesthesia in 
in-patients. 

The generation of items must incorporate the patient’s 
perspective by using focus groups, for example.’ 1!” 7 
Otherwise, the surveys reflect the bias of the experts who 
constructed them. This is an instrument for content validity 
testing. Focus groups are required by several authors. 7?” 
We found, however, only two publications on anaesthesia in 
which focus groups were used for item generation.” !$ By 
using a pilot study including open questions, we also 
incorporated a second element of content testing.’ 

The statistical analysis of the patients’ responses to the 
pilot questionnaire is an important part of the development 
of a psychometric questionnaire.” There is no consensus 
about the accepted level of reliability, but the most popular 
measure, the Cronbach coefficient alpha, should exceed at 
least 0.6 or 0.7.76 Our results showed that the dimensions 
‘Information/Involvement in decision-making’, ‘Respect/ 
Confidence’ and ‘Delay management’ exceeded these levels 
(alpha >0.7). In agreement with others, we found that the 
dimension ‘Information/Involvement in decision-making’ 
was one of the areas where most problems were men- 
tioned. 16 3 27 

In addıtion to the number of problems mentioned, the 
importance of the problems is also of great significance. As 
with reliability measurement, there are several methods 
available to assess this. The right answer is far from clear.'? 
One of the accepted methods is weighting using multiple 
linear regression via beta weights.’ In agreement with Fung 
and Cohen!’ who studied out-patients, our results showed 
that information (and communication) ıs the most important 
dimension. It is well recognized that involvement in 
decision-making improves patient satisfaction.” 

It is also difficult to compare our results with those made 
at other hospitals because studies conducted so far have 
compared anaesthesia-related incidents and not patient 
satisfaction.” Measuring the quality of care by an anaesthe- 
sia team by comparing major outcomes has emerged as 
unsatisfactory because such events (in particular, death) 
occur only very rarely. Cohen and co-workers’? concluded 
that their investigation of 25 000 patients in four hospitals 


was not powerful enough to demonstrate a difference in 
mortality. Because of the low incidence of major adverse 
outcomes, it is therefore very unreliable to use these as a 
basis to draw conclusions about the quality of an anaesthesia 
department.!° 

Unlike patient experience with hospital care,” as far as 
we are aware, there are no benchmarking studies on patient 
satisfaction with anaesthesia care conducted using a multi- 
dimensional, validated questionnaire. Analysis of patient 
surveys by Coulter and Cleary” also revealed problems 
with provision of information, respect for patients’ prefer- 
ences, and continuity of their care. Their findings also 
showed a striking difference between the total number of 
problems mentioned between the best and the worst 
hospitals. 

The analysis of the confounding variables and the 
consequent adjustment based on the composition of the 
patient sample enabled us to compare the hospitals with 
each other. The effects found were very slight, however, 
because the hospitals were very similar with regard to the 
influence of the confounding variables considered. Such an 
analysis should nevertheless be conducted to elicit any 
possible effects and make appropriate adjustments. °°?! It 
is known from the literature that older patients are less 
critical.** This was confirmed by our findings but other 
studies found no significant relationship of this sort.” In line 
with most other studies, our findings also showed a positive 
correlation between health status and satisfaction.*’ 

In summary, the development of a psychometric ques- 
tionnaire for the assessment of patient satisfaction with 
anaesthesia care requires the following of a mgorous 
protocol, including the patient’s perspective. The implica- 
tions for anaesthetic practice are that all hospitals involved 
should first of all consider how they can improve the 
Situation with regard to the provision of information on 
anaesthesia care. As a continuous quality-improvement 
process, all measures taken should be evaluated and 
compared subsequently. The importance of communication 
—which can simply be used as a generic term for almost all 
our dimensions—cannot be emphasized strongly enough. 
‘Patients don’t care what we know, they want to know that 
we care’. 
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Background. Doctors have long been considered at risk of occupational stress. 


Methods. A postal survey of all members of the Intensive Care Society using validated instru- 
ments. 


Results. Eight-five per cent of members returned questionnaires and 70% were eligible for the 
study. Twenty-nine per cent were suffering General Health Questionnaire- 12 (GHQ-12) identi- 
fied distress and 12% Symptom Checklist-Depression (SCL-D) defined depression. There were 
no significant age or sex differences between staff suffering distress or depression and those 
who did not. Dissatisfaction with career correlated highly with both distress and depression 
(P<0.01). Twenty doctors (3%) were bothered by suicidal thoughts. The most stressful aspects 
of work were bed allocation, being over-stretched, effect of hours of work and stress on 
personal/family lfe, and compromising standards when resources are short. Logistic regression 
revealed mental health problems were predicted by five stressors: ‘lack of recognition of one’s 
own contribution by others’; ‘too much responsibility at times’; ‘effect of stress on personal/ 
family life’; ‘keeping up to date with knowledge’; and ‘making the right decision alone’. 


Conclusions. Nearly one in three ICU doctors appeared distressed (GHQ), and one in 10 
depressed (SCL-D); this is no greater than that reported in other specialities. Perceived 
stressors reveal some key areas of concern for the employer and the specialty. 
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Occupational stress is a recognized problem in health care 
workers, and doctors have long been considered to be at 
special risk.'~* Relatively few studies have been undertaken 
of UK hospital specialists, with six recent studies of 
consultants showing a range between 22 and 46% of 
respondents exhibiting clinically important levels of psy- 
chiatric morbidity, as assessed by standard psychiatric 


measures.” ! Figure 1 presents data from studies conducted 
by one of us that have used the General Health 
Questionnaire (GHQ) to assess psychiatric morbidity. It is 
clear that one in five to one in three doctors suffer from 
mental distress at any one time, depending on the threshold 
for morbidity accepted and the specialty in which they work. 
To study job stress within a single speciality, we undertook 
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Fig 1 Percentage (95% CIs) of sample with GHQ scores indicative of mental distress in previous studies (morbidity thresholds of >3 and >4). 


a national survey of intensive care specialists using the 
membership list of the Intensive Care Society (ICS) as a 
sampling frame. Intensivists routinely work in a demanding, 
highly technical environment where death and dying are 
common events,'* and errors can be dangerous.'* Limited 
resources affecting allocation of intensive care unit (ICU) 
beds can be a particular source of stress for ICU doctors. '* 
In addition, many ICU consultants are trained or still 
practice in anaesthesia, a specialty suspected of being at a 
higher risk of stress-related ill-health,’*-'* and suicide’??? 
compared with other hospital doctors. The aim of the survey 
was to identify ‘distressed’ doctors as defined by the 
GHQ,”' and relate this to repeated and long-term exposure 
to job stressors. 


Methods 


A complete list of ICS members working in ICUs in the UK 
was obtained. We sent a letter to each member explaining 
the study and asking him or her to take part. To maximize 
the response, a letter from the President of the UK ICS was 
enclosed, which emphasized the importance and confiden- 
tiality of the survey. Non-responders were followed-up with 
a maximum of two further mailings. The main questionnaire 
used was based on one validated in previous studies by one 
of us,” * which included the 12-item GHQ,” and the 
Symptom Checklist Depression Sub-scale (SCL-D).* 
Information was also requested about workload, job satis- 
faction, and personal characteristics. Thus, all data in this 
paper are from validated screening instruments or based on 
self-report, using questions from previous studies. 
Questions were for the most part closed in nature.” For 
example, respondents were requested to indicate in a box 
how many hours they had worked during the previous week 
in total and then how many hours were engaged in NHS 
work, specific ICU work, on call tıme, teaching, etc. The 
frequency and severity of a list of ICU-specific stressors 


were rated using Likert type scales. Individuals indicated 
how frequently (scaled 0-~-2=never/occasional/often) and 
how stressful (scaled 0-4=not at all/slightly/moderately/ 
very/extremely) they found each of the stressors. This list of 
stressors was based on those identified previously in surveys 
of junior doctors” and anaesthetists,”* and adapted for the 
present study with the help of staff from Addenbrooke’s 
Hospital NHS Trust, Cambridge. 

The GHQ is a well-validated, self-administered ques- 
tionnaire commonly used to detect psychiatric disorders in 
the community and other settings.’ It focuses on two 
symptom categories: the inability to carry out normal 
functions and the appearance of new phenomena of a 
distressing nature.”' It is known to detect both transient and 
sustained symptoms of distress. GHQ scores can be 
interpreted as an indicator of morbidity, and a threshold 
differentiates psychiatric ‘cases’ from ‘non-cases’. We used 
two threshold scores; the ‘standard’ threshold of >3 and the 
‘high’ threshold of >4, so that our data would be comparable 
with previous work.” The SCL-D was also scored ın the 
standard way and a threshold of >1.5 used to distinguish 
depression ‘cases’ .” 

As part of our study we asked about alcohol and drug use 
in a second separate questionnaire. Because of their 
sensitivity and so as to maximize response, these responses 
were anonymous and returned separately from the main 
questionnaire. Thus, we cannot link alcohol and drug use to 


specific responders. 


Statistics 


Data were double entered onto the computer. Parametric 
and non-paremetric statistical analyses were undertaken 
using SPSS V.6.1. Throughout this paper, data.reported are 
based on numbers of valid responses to items for each group 
or subgroup. Thus, numerators and denominators may not 
always total to the full sample size. To avoid products of 
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Table 1 Characteristics of survey responders (self report). Note in this and subsequent tables percentages are calculated on basis of valid responses to the 


ttem for each group or subgroup: two people did not report their sex 


Total Male 
Number 627 523 
100% 83.4% 
Age: mean 418 418 
(sp) (73) (7 3) 
Married or cohabiting 543 473 
86.6% 90 6% 
Separated or divorced or widowed 25 20 
40% 3.8% 
Single 58 29 
93% 5.6% 
Partner 18 a doctor 155 115 
274% 23.6% 


zero, we added a constant of one to frequency and 
stressfulness stressor scores when calculating products. 
Univariate analysis of personal characteristics and profes- 
sional status was performed with the GHQ defined groups 
(using t-tests for those with two categories and ANOVA for 
three or more). Linear regression was performed with GHQ 
and SCL-D scores as dependent variables and age, sex, 
marital status, and each product of the individual stressors as 
independent variables. Forwards selection procedures were 
used to fit a multivariate model with a reduced number of 
variables and to identify predictors of GHQ and SCL-D 
defined morbidity. In the literature review, confidence 
intervals for estimates from other reports (Fig. 1) were 
calculated using Confidence Interval Analysis (CIA) 
Version 1.2.29 We also used CIA in analysis of our 
anonymous alcohol and drugs questionnaire. 


Results 


Response rate 


A total of 896 sets of questionnaires were sent out and 85% 
were returned (758/896). However, the ICS membership list 
used as the sampling frame included 108 (12%) doctors who 
replied that they were not currently working in ICU in the 
UK, and so we excluded them. Twenty-three questionnaires 
returned were inadequately completed to be included (i.e. 
indicated they did not wish to take part, or returned form 
blank). Thus, there were 627 eligible participants who had 
adequately completed the main questionnaire, giving a 
response rate of 70 (627/896), or 80% of potentially eligible 
responders (627/788). In addition, we had 643 anonymous 
alcohol and drugs questionnaires (643/788, 82% response) 
all of which were analysed. 


Personal characteristics and professional status 


Most respondents (533, 85%) were ICU directors and/or 
consultants (Table 1). Males predominated (523, 83%) in 
both senior and junior posts. The mean age of the 





Female Director Consultant Junior 
102 144 389 94 
16.3% 23.0% 62.0% 15.0% 
414 445 429 331 
(7.3) (6 4) (6 8) 3 1) 
68 129 336 78 
667% 89 6% 86 6% 83 0% 
5 7 16 2 
49% 49% 41% 21% 
29 8 36 14 
28 4% 5.6% 9.3% 14.9% 
40 31 97 27 
51.3% 23.3% 27.5% 32 9% 


participants was 41.8 yr, the youngest director being 34 yr, 
and the youngest consultant 30 yr. The majority (543, 87%) 
were married or cohabiting, about one in four with another 
doctor. Two thirds of females were married/cohabiting: half 
(37/68) with another doctor. Almost all the respondents 
(587, 94%) had trained in anaesthesia; the others were 
from general medicine, paediatrics, accident and 
emergency medicine, or surgery. Most worked in a general 
ICU (534, 85%), the remainder in cardiological or 
cardiothoracic ICU (36, 5.7%), neurology ICU (25, 4.0%), 
paediatric ICU (25, 4.0%), and a few in other specialized 
units. About half (331, 53%) worked in district general 
hospitals, and half in teaching hospitals (289, 46%), with the 
remainder in military or private hospitals (3, 0.5%). Four 
individuals did not state the type of hospital in which they 
worked. 


Workload assessment 


The respondents’ jobs comprised a mean of 3.1 weekly ICU 
sessions (Table 2). A mean of 68.5 (SD 30.3) h were worked 
reportedly in the previous week, with a mean of 49.1 (16.9) h 
per week in the hospital. At home, the respondents 
reportedly worked a mean of 15.5 (22.2) NHS hours and 
7.7 (14.7) non-NHS hours. Directors reported working a 
mean total of 64.3 (25.4) h and consultants 68.4 (32.5) hb. 
Juniors reported the longest working week for the previous 
week, a mean of 77.8 (26.0) h. 

The majority of respondents (505, 81%) were in full-time 
posts. Significantly more females (93/102, 91.2%) than 
males (412/517, 79.7%) worked in full-time posts (x7=7.48, 
df=1, P<0.01). Full-timers reported working a mean of 70.5 
(30.9) h in total. Those in part-time posts reported working 
61.0 (27.3) h which, although significantly less than full- 
timers (t=2.64, df=435, two-tailed P=0.009), was still high. 
Those who reportedly worked more than 30 ‘non-NHS 
hours’ (23/627, 3.7%) were mostly full-time teaching 
hospital consultants, each responsible for five ICU sessions 
and 3.5—22 ICU beds. We interpret these ‘non-NHS hours’ 
to represent academic and/or private work, but this was not 


875 


Coomber ef al. 


Table 2 Workload indicators reported by responders. *S1x not stated whether full or part ime 














Total Male Female Director Consultant Junior 
Number 627 523 102 144 389 94 
100% 83 4% 16.3% 23.0% 62.0% 15.0% 
Full-time post* 505 412 93 104 308 93 
80.5% 79 1% 912% 727% 80 0% 100% 
Part-time post* 116 105 9 39 77 0 
18.5% 20 5% 8 8% 27.3% 20 0% 0% 
Number of reported ICU sessions /week 3.1 32 2 3.9 26 3.8 
(sD) (2.0) (2.1) (1.7) 21) (1.6) 30) 
Mean total reported number of hours worked in previous week 68.5 69.5 63.7 643 684 771.8 
(sD) (30 3) (30.1) G14) (25.4) (32.5) (26.0) 
Mean reported NHS hours at work 491 490 496 46.6 47.3 610 
(sD) (16,9) (16 1) (20 5) (12 8) (16.7) (18 6) 
Mean reported number of ICU beds responsible for 73 7.5 6.5 72 70 89 
(sD) (3.8) 3.9) (3 0) 3.7) (3.6) (45) 
Mean reported number of non-ICU beds 63 65 48 59 60 76 
(sD) (7.7) (83) (35) (6 0) (6.5) (12.5) 








All All 


(>3) (>4) (>3) 


Directors Directors Consultants Consultants Juniors 
(>4) 











Junlors 


(>3) (>4) (>3) - 4) 


Fig 2 Percentage (95% CIs) of sample with GHQ scores indicative of mental distress in national sample of ICU doctors (morbidity thresholds of >3 


and >4), 


clear from the questionnaire. The respondents were respon- 
sible for a mean of 7.3 (3.8) ICU beds and 6.3 (7.7) non-ICU 
beds-——mostly high dependency unit beds. 


Psychiatric morbidity 

For the GHQ, 174/610 (28.5%, 95% CI 24.9-32.1) survey 
respondents scored. above the threshold score of three 
indicative of psychiatric morbidity (Fig. 2), and 136/610 
(22%, 95% CI 19.0-25.6) scored above the more conser- 
vative threshold of four. On the SCL-D, 78 (12%, 95% CI 
9.9-15.0) scored above the threshold score for depression of 
1.5. There were no significant differences by post or sex for 
either scale (P>0.05, one-way ANOVA or two-tailed t-test) 
(Table 3). The most common symptoms of depression 
(highest mean scores for each symptom in the SCL-D) were 
‘feeling low in energy’ (mean score 1.76) and ‘worrying too 
much’ (mean 1.50). Twenty doctors (3.2%, 95% CI 2.0-4.9) 
reported suicidal ideas (‘thoughts of ending your life’) 
‘moderately’ to ‘extremely’ often in the past month. There 


was no significant difference in the frequency of these 
suicidal ideas between males and females (P>0.05). There 
was a moderate correlation between GHQ score and the 
‘thoughts of ending your life’ SCL symptom score, 
particularly for males (males r=0.47, females r=0.43; 
P<0.001). No significant correlations existed between 
GHQ score and age, total hours worked in past week, or 
number of ICU beds. There was for males (but not for 
females) a weak correlation (r=0.14; P<0.01) between fear 
of making mistakes and ‘thoughts of ending your life’. 


Job satisfaction 


Most respondents were reasonably satisfied with their 
choice of ICU as a career with 189 (30.4%) extremely 
satisfied. However, five respondents (0.8%) were extremely 
dissatisfied. Level of career satisfaction correlated with 
GHQ score (r=0.30, P<0.001) and depression (r=0.30, 
P<0.001). 
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Table 3 GHQ-12 and SCL-D score by post and sex (two consultants did not state their sex). Figures in italics are proportions stressed or depressed— 


expressed as percentage of the number of valid cases in each group or subgroup 





Number in each sub-group GHQ >3: ‘stressed’ 
Director Consultant Junior Director Consultant 

Male 122 322 79 43 81 

35 8% 25 8% 
Female 22 65 15 5 22 

: 22 7% 35.5% 

Total 144 389* 94 48 104 

33 8% 27.5% 
Table 4 Mean scores for all perceived stressors 

How frequent (f) 
Mean 

Stressor 
Bed allocanon when ICU is full 1.59 
Bemg over-stretched at times 1.46 
Effect of hours of work on personal/family life 1.52 
Talking to distressed relatives 160 
Effect of stress on personal/family ufe 119 
Compromising standards when resources are short 110 
Treatment withdrawal 1.39 
Keeping up to date with knowledge 1.51 
Making the right decision alone 1.53 
Dealing with death 1.58 
Sleep deprivation 116 
Fear of making mistakes 1.09 
Difficult relations with senior colleagues 1.04 
Overzealous/inappropnate treatment 106 
Dealing with management in general 1.23 
Making the nght decision as a team 1.51 
Lack of recognition of own contribution by others 1.01 
Making tume for research 0.96 
Conflicts between ICU and theatre work 091 
Dealing with indrvıdual managers 113 
Difficult relations with nursing staff 0.85 
Difficult relations with junior doctors 0.81 
Lack of procedures for patient management 1.00 
Having to do menial or repetitive tasks 0.96 
Too much responsibility 0.63 
Commitments to private practice 0.68 
Managing ICU budgets 058 
Feeling under-utuized 0.44 
Threat of violence 0.16 
Sexual harassment 0.08 
Analysis of individual stressors 


An impression of the relative day-to-day perceived import- 
ance of each stressor can be represented by the mean 
product of frequency (f) times stressfulness (s) (i.e. mean 
(fXs)). But to avoid zero products we calculate (f+1)(s+1) 
(Table 4). The stressor ‘bed allocation when ICU is full’ 
scores highly: it is the most stressful factor of all (s=2.40), 
and reportedly occurs often (f=1.59). At the other end of the 
spectrum, this group of predominantly male doctors report 
that sexual harassment is both infrequent (0.08) and not 
stressful when it occurs (0.17). Talking to distressed 
relatives’ is the most frequent stressor (f=1.60) but only 


SCL >1.5: ‘depressed’ 


Junior Total Director Consultant Junior Total 
20 144 15 34 12 61 
26.7% 28.3% 123% 10 6% 152% 117 
2 29 2 13 1 16 
13 3% 29.3% 91% 20.0% 67% 157% 
R 174 17 48 13 78 
24.4% 285% 11.8% 12.3% 138% 124% 
How stressful (s) Product (f+1)(s+1) 
Mean 
Mean Standard deviation 
2.40 4.08 250 
2.27 352 2.24 
2.02 3 38 235 
146 245 175 
193 2.73 2.32 
205 2.76 241 
1.59 2.30 1.81 
141 224 191 
132 2.04 162 
1.25 2.01 147 
1.70 2 26 196 
171 207 168 
178 205 164 
169 1.97 159 
126 172 174 
0.93 1.44 1.44 
1.31 1.75 197 
1.25 165 2.00 
130 1.61 1.78 
1.01 126 1.50 
120 1.25 1.27 
108 1.12 117 
0.87 1.12 136 
0.78 1.00 153 
105 114 1.55 
076 082 1.21 
0.76 087 150 
0.57 0.55 1.22 
045 029 0.82 
0.17 010 0.56 
considered  slightly-to-moderately stressful (s=1.46). 


Similarly, ‘dealing with death’ is perceived as a frequent 
event (1.58) but is not especially stressful (s=1.25). 
‘Being over-stretched at times’ is also frequently reported 
(f=1.46), with the second highest score for stressfulness 
(s=2.27). In contrast, ‘feeling under-utilized’ is relatively 
rare (f=0.44) and has low reported stressfulness (s=0.57). 
As a stressor, ‘making the right decision alone’ occurs as 
often as ‘making the right decision as a team’ (f=1.53 and 
1.51, respectively), but it appears to be more stressful to do 
so alone (s=1.32 compared with 0.93). ‘Fear of making 
mistakes’, ‘difficult relations with senior colleagues’, ‘sleep 
deprivation’, and ‘overzealous/inappropriate treatment’ are 
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Table 5 Main stressors for distressed doctors (linear regression model) (GHQ score) 


Stressor Regression 95% Confidence P value 
coefficient (B) intervals 

Constant 6 819 

Effects of stress on personal/ family life 0 472 (0 354, 0 589) <0.0001 

Too much responsibility at umes 0.340 (0 197, 0.482) <0.0001 

Lack of recognition of one’s own contribution by others 0.298 (0 168, 0.429) <0 0001 

Sexual harassment -0 268 (-0 578, 0.004) 0 092 

Table 6 Main stressors for depressed doctors (linear regression model) (SCL-D score) 

Stressor Regression 95% Confidence P value 
coefficient (B) intervals 

Constant -0.335 

Effects of stress on personal/ famuly life 0 068 (G 054, 0.081) <0 0001 

Lack of recognition of one’s own contribution by others 0.038 (0 023, 0.053) <0.0001 

Making the nght decision alone 0.028 (G 009, 0.046) 0 0040 

Keeping up to date with knowledge 0.026 (0011, 0042) 00012 

Too much responsibility at times 0025 (0 008, 0 041) 0 0037 


each perceived to be stressful when they occur (respect- 
ively, s=1.71, 1.78, 1.70, and 1.69), but are only occasional 
events (f=1.09, 1.04, 1.16, and 1.06). 

‘Effect of hours of work on personal/family life’ appears 
to be slightly greater than the ‘effect of stress on family/ 
personal life’, and occurs more frequently (1.52 and 1.19), 
although both are stressful (s=2.02 and 1.93). 


Predictors of morbidity 


In the multivariate model, three variables (Table 5) were 
highly significant in predicting GHQ score; ‘effects of stress 
on personal/family life’, ‘too much responsibility at times’, 
and ‘lack of recognition of one’s own contribution by 
others’. All of them were important stressors, but not those 
expected from Table 4. Similarly, linear regression analysis 
with SCL-D depression score as the dependent variable 
(Table 6) showed the same three variables as highly 
significant plus ‘making the right decision alone’ and 
‘keeping up to date with knowledge’. 


Use of alcohol and drugs 


Nearly one in five (18%, 95% CI 14.8-20.7) (114/643) 
reported ‘many irregular’ or ‘many regular’ drinks, but most 
(53%, 95% CI 48.9-56.6) (339/643) were ‘few regular’ 
drinkers and just 24 responders (4%, 95% CI 2.4-5.5) were 
abstinent. Some 14% (95% CI 11.0-16.3) (88/643) smoked 
and 5% (95% CI 3.2-6.6) (30/643) reportedly smoked and 
drank heavily. Twelve per cent reported taking drugs to help 
them sleep (95% CI 9.0-14.0) (74/643), 4% took anti- 
depressants (95% CI 2.9-6.2) (28/643), and 4% anxiolytics 
(95% CI 2.3—5.3) (23/643). Whilst about half of drugs used 


to aid sleep were self-prescribed (55%, 95% CI 43.4-67.0) 
(41/74), most antidepressants were prescribed by another 
doctor (75%, 95% CI 55.1-89.3) (21/28). In addition, 5% 
(95% CI 3.3-6.8) (31/643) reported use or past use of drugs 
such as cannabis for relaxation or recreation. 


Discussion 

The satisfactory response rate probably reflects both the 
suitability of the study design, and the doctors’ interest in 
the topic. It compares favourably with previous 
studies”? 113031 which had response rates between 72 and 
80%. The high response rate in this national group gives us 
confidence that the data are representative. There are, 
however, two possible sources of selection bias. First, ICS 
membership may not be entirely representative of the target 
population of UK intensive care doctors, but we could not 
identify any other realistically usable source of data to check 
on this. Second, the responders may not represent the whole 
ICS membership in terms of psychiatric morbidity, but we 
had no way of confirming the state of mental health of the 
non-responders. Nonetheless, we would argue that the level 
of morbidity we have detected is likely to be a conservative 
estimate, as it can be argued that non-response is associated 
with ‘burn out’ and ‘stress’. However, we do recognize that 
such conjecture needs further investigation, as non-response 
may be simple disinterest rather than overwork and lack 
of time. 

Our main findings in this national survey of intensive care 
specialists were that nearly one in three (29%) showed 
evidence of psychiatric morbidity as identified by the GHQ- 
12. Some 12% showed clinically important levels of 
depression identified by the SCL-D. Some 3% reported 
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having suicidal thoughts moderately or extremely often in 
the previous month, and suicidal ideation correlated with 
GHQ scores. The doctors’ GHQ and SCL scores showed no 
relation with age, reported hours worked in the previous 
week, nor the number of ICU beds for which they were 
responsible. This lack of association with hours of work has 
been noted in other studies.” ?43031 Although we asked 
about hours worked, not hours slept in the previous week, 
sleep deprivation was perceived as an occasional and 
important stressor. Nonetheless, these doctors reportedly 
worked long hours, clearly in excess of the subsequently 
introduced Working Time Regulations, *” an issue in itself of 
some concern. 

Our anonymous alcohol and drugs questionnaire revealed 
quite high levels of alcohol (mis)use and indication of other 
substance (mis)use. However, we cannot make a great deal 
of these data as numbers are relatively small and for 
methodological and confidentiality reasons we cannot link 
them to the data from our main datasets. They do, however, 
suggest that there may be number of maladaptive ‘coping’ 
strategies in use by these doctors. 

Job satisfaction has been suggested previously to be 
protective against burnout,® and we found that dissatisfac- 
tion with choice of ICU career correlated significantly with 
both GHQ and SCL scores. The five most frequent and most 
stressful factors reported were: bed allocation when ICU is 
full; being over-stretched at times; effect of hours of work 
on personal/family life; effect of stress on personal/family 
life; and compromising standards when resources are short. 
At first sight, all of these stressors seem to be integral to the 
work of an ICU doctor, and are related to levels of resource 
for an ICU. Use of paired stressors in the list show that 
“personal/family life’ is reported to be more affected by 
‘hours of work’ than by ‘stress’ per se, although both are 
seen as important. Further down the list, ‘making the right 
decision alone’ is reported to be more stressful than ‘making 
the decision as a team’. The benefits of teamwork on stress 
levels are well reported elsewhere.? However, further 
statistical analysis showed that a different range of stressors 
predicted psychiatric morbidity (i.e. GHQ and SCL scores): 
lack of recognition of one’s, own contribution by others; too 
much responsibility at times; effects of stress on personal/ 
family life; keeping up to date with knowledge; and making 
the right decision alone. This list is not so much a reflection 
of resource issues, but may be more related to the 
responsibilities of ICU doctors and the perceived reputation 
of the specialty. If these are the stressors of the distressed 
and depressed doctors, then addressing them is likely to 
have a greater impact on doctors’ well being than purely 
focusing on allocation of resources. i 

The SCL depression sub-scale has also been used by 
Firth-Cozens, in studies of a cohort of doctors followed 
since medical school.??? Ten years after qualifying, some 
18% of those doctors scored above the clinical threshold for 
depression,*° but only 12% of ICU doctors were depressed. 
The confidence intervals for the proportion of ICU doctors 


expressing suicidal ideas (3.2%: 95% CI 2.04.9) overlap 
with other studies; of junior doctors” (5.9%, 95% CI 
2.9-10.6) and of anaesthetists’? (12.2%, 95% CI 4.1-26.2), 
suggesting they do not differ. Thus, the levels of stress 
reported here are not very different from those observed in 
previous studies (Figs 1 and 2), and certainly less than the 
44% recently reported for accident and emergency doc- 
tors.°? Our findings compare with findings amongst 
anaesthetists, whose major stressors were effects of work 
on personal life, overwork, making mistakes, and making 
decisions.” Apart from worry about making mistakes, the 
ICU doctors (who are mostly from an anaesthetic back- 
ground) rated similar stressors highly. The findings that 
number of hours worked and number of beds the doctor is 
responsible for relate to morbidity have been noted 
before.” ” The lack of sex difference in GHQ scores has 
also been reported elsewhere.” We cannot, of course, infer 
causality in any relationship between occupational stressors 
and mental health. The more depressed or distressed doctor 
may well give greater weighting to his or her stressors, and 
feel more dissatisfied with choice of career. Previous 
surveys of medical students and hospital doctors using 
the GHQ-12°%”?*3 have also shown high percentages 
(26-30%) of doctors scoring above a GHQ-12 threshold 
of 3 (Fig. 1). Surveys using GHQ-287 |! have shown 
21-46% scoring above the GHQ-28 threshold of >5 for 
psychiatric morbidity. 

Doctors, it seems, have more problems than the average 
British worker (17.8% for the 1995 Household Panel 
Survey; www.irc.essex.ac.uk/bhps).*° However, some 
authors dispute that stress and mental health problems in 
health care workers are any higher than the general 
population, and ascribe raised stress levels to questionnaire 
bias, especially in doctors.” °” Such an explanation, how- 
ever, does not easily account for differences within the 
medical profession as a whole. 

Whilst anecdotally, ICU is a high-stress speciality, it 
seems that measuring distress alone may be missing the 
point, as our regression modelling revealed. The level of 
mental health problems we found is not apparently related to 
the ICU doctors’ characteristics, nor to the type of unit, nor 
long hours of work. Feeling that the responsibility 1s too 
great, lack of peer recognition, worry about compromising 
standards, effects of stress on home life, distressed relatives, 
and the pressure to keep up to date are clearly issues in need 
of resolution. We may need to develop teamwork to modify 
these stressors,” but we must recognize that this also implies 
a need for resources to develop teams. 

At an average age of 42 yr these doctors have another 
20 yr or so of professional life ahead. Over a prolonged 
period, stress could lead to increased rsk of health 
problems, both mental and physical. Consideration needs 
to be given to what aspects of the occupational stressors are 
amenable to change, and what practical steps, if any, can be 
taken to identify and support vulnerable individuals at an 
early stage. It is logical to address factors which may 
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contribute to attrition rates of consultants, as they are 
expensive to train (£232 000) and each lost working year of 
a consultant costs the NHS £30 000 in terms of annuitized 
training costs over his or her expected working life.” A 
rational strategy for the NHS would be to provide employ- 
ment environments in which doctors can practice effectively 
without compromising their own health. 

Strategies to reduce harmful effects on doctors’ health 
should include reduction of frequency and intensity of 
identified stressors, early detection of problems and 
maladaptive coping (e.g. alcohol or drug use), and effective 
medical treatment and rehabilitation of the sick doctor. The 
principles of management of stress in healthcare workers in 
general apply to ICU. However, reducing stressors in ICU 
may in practice be difficult. In the meantime, individual 
distressed doctors need to have improved access to services, 
such as the BMA Stress Counselling Service,” and the 
National Counselling Service for Sick Doctors (www. 
ncssd.org.uk). Prevention, in the form of stress management 
has begun in some trusts already," and is. worthy of future 
development. 
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Comparison of effects of anandamide at recombinant and 
endogenous rat vanilloid receptors 
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Background. Anandamide, an endogenous lipid, activates both cannabinoid (CB,) and vanil- 
loid (YRI) receptors, both of which are co-expressed in rat dorsal root ganglion (DRG) celis. 
Activation of elther receptor results In analgesia but the relative contribution of CB, and VRI 
In anandamide-Induced analgesia remains controversial. Here we compare the in vitro pharma- 
cology of recombinant and endogenous VRI receptors using calcium Imaging, in clonal and 
DRG cells, respectively. We also consider the contribution of CB, and VRI receptors to 
anandamide-induced analgesia. 


Methods. Using a Flurometric Imaging Plate Reader (FLIPR™), calcium imaging has been used 
to study the effects of several vanilloid and cannabinoid ligands in rat VRI-transfected HEK293 
(rVRI-HEK) cells and in DRG cells. The effect of pre-exposure of several vanilloid and cannabi- 
noids has also been compared in DRG cells. 


Results. The VRI agonists capsaicin, olvanil, (N-(4-hydroxyphenyl-arachinoytamide) (AM404) 
and anandamide caused a concentratlon-dependent increase in intracellular calcium concentra- 
tion ([Ca?*],), with similar temporal profiles in both rVRI-HEK and DRG cells, and potency 
(PECso) values of 8.25 (sem 0.11), 8.37 (0.04), 6.96 (0.06), 5.85 (0.01) and 7.45 (0.10), 7.55 
(0.07), 6.10 (0.13), approximately 5.5, respectively. These responses were Inhibited by the VRI 
antagonist capsazepine (1 uM). In contrast, application of synthetic cannabinoid antagonists 
failed to Inhibit the anandamide-induced increase in [Ca**],. Reapplication of VRI agonists sig- 
nificantly inhibited a subsequent challenge to either capsaicin or anandamide in either cell type, 
whilst pre-exposure to cannabinoid agonists were without effect. 


Conclusion. Here we provide evidence that the pharmacology of recombinant rVRI recep- 
tors is simtlar to those endogenously expressed in DRG cells. Moreover, we have shown that 
VRI, but not CB;, receptors are involved in anandamide-induced responses in dorsal root pri- 
mary neurones in vitro. Therefore, the analgesic properties of anandamide are likely to be medi- 
ated, at least in part, by VRI activation in DRG cells in vivo. 
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The development of novel therapeutics, efficacious in the 
clinical control of pain but lacking undesirable side-effects, 
has thus far proved elusive, despite a considerable research 
effort. The identification of two distinct cannabinoid 
receptor subtypes,'* termed CB, and CB, and cloning of 


these cannabinoid receptors,’ has facilitated extensive study 
of their pharmacology and distribution.? Soon after the 
cloning of CB, and CB, receptors, which are members of 
the G-protein-coupled receptor superfamily and couple 
specifically to Gy. G-proteins, two endogenous lipid 
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Pharmacology of anandamide at VR1 receptors 


activators, anandamide and 2-arachidonylglycerol (2-AG), 
were identified in mammalian tissues.+* Several lines of 
investigation have led workers to conclude that the typical 
in vivo actions of cannabinoids—that are analgesia, effects 
on appetite, mood, hypotension, cognition, spontanéous 
activity and thermoregulation—are exclusively CB, recep- 
tor-mediated.* However, studies using selective CB; 
receptor antagonists’ and mice lacking the CB, gene® 

provide compelling evidence against CB, receptors being 
solely responsible for the in vivo actions of anandamide. 
This raises the question of how anandamide exerts eee 
receptor-mediated effects, such as analgesia? 

The vanilloid receptor (VR1) is a ligand-gated ion 
channel expressed on sensory neurones and plays an 
important role in nociception.’ Prolonged activation of 
VRi results in receptor desensitization and analgesia’ and it 
has recently been reported that anandamide is an agonist at 
VRI receptors. "° 1 However, it is difficult, and often 
misleading, to correlate results derived from in vitro assay 
systems, using recombinant receptors!°, with those from 
isolated tissue preparations,!! especially when trying to 
model the situation in vivo. 

Therefore, in the present study we have used a 
fluroimetric imaging plate reader (FLIPR™) to measure 
changes in intracellular calcium concentration ([Ca?*],) and 
compared the effects of anandamide at recombinant VR1 
receptors with those in physiologically relevant dorsal root 
ganglion (DRG) primary cell cultures. 


Materials and methods 


Cloning and expression of rat VRI 


Cloning and expression of rat VR1 (rVR1) was performed 
as described previously.’? In brief, a rat mammalian 
expression construct was generated by amplification of 
cDNA from reverse transcribed adult DRG mRNA, using 
forward and reverse primers incorporating the restriction 
sites RVR1F-HindII and RVR1R-Xbal. Reaction products 
were cloned into pBSSKII* (Stratagene) and subcloned into 
the HindM-Xbal sites of pcDNA3.1 (Invitrogen). Adherent 
human embryonic kidney (HEK293) cells were then 
transfected with rVR1.pcDNA3.1 using Lipofectamine 
Plus (Life Technologies) and stable clones generated 
following application of selection media (genetecin, 400 
ug ml’) and colony cloning. 


Cell culture 


HEK293 cells stably expressing the recombinant rVR1 
receptor, were maintained in culture in minimum essential 
medium (MEM) supplemented with non-essential amino 
acids, 10% fetal calf serum and 2 mM L-glutamine. Cells 
were grown as monolayers under 95:5% air:CO2 at 37°C 
and passaged every 3—4 days. The highest passage used was 
20. Dissociated rat neonatal DRG cultures were prepared as 


described by Skaper and co-workers.!? In brief, DRG cells 
were prepared from 8-day-old Sprague-Dawley rats and 
cultured in microtitre plates in DMEM containing N2 
supplements, B-NGF (50 ng ml), bovine serum albumin 
(BSA) (0.05%), , penicillin (100 units mi~’) and streptomycin 
(100 units ml™). Cells were cultured for 3 days and 
maintained under 95:5% air:CO, at 37°C. 


Measurement of [Ca**], using the FLIPR™ 


rVRI-HEK cells were seeded into black walled clear-base 
96-well plates (Costar, UK) at a density of 25 000 cells per 
well in MEM, supplemented as above and cultured over- 
night. Cells were then incubated with the cytoplasmic 
calcium indicator, Fluo-3 in the acetoxylmethyl ester form 
(4 uM; Teflabs, TX, USA) at 25°C for 2 h. The loaded cells 
were then washed four times with, and finally incubated in, 
Tyrode’s medium (NaCl, 145 mM; KCl, 2.5 mM; HEPES, 
10 mM; glucose, 10 mM; MgCly, 1.2 mM; CaCh, 1.5 mM) 
containing 0.2% BSA, before being incubated for 30 min at 
25°C with either buffer alone or buffer containing various 
antagonists. The plates were then placed into a FLIPR™ 
(Molecular Devices, UK) to monitor cell fluorescence 
(Aex=488 nm, Agm=540 nm)'* before and after the addition 
of various vanilloid or cannabinoid agonists. 

Dissociated rat neonatal DRG cells were seeded into 
black walled clear-base 384-well plates (Costar, UK) at 
a density of 10 000 cells per well and incubated with 
Tyrodes buffer containing Fluo-4 at 37°C for 1 h. DRG 
cells were then washed as described previously before 
incubation with buffer alone of buffer containing 
antagonists at 25°C for 30 min. Cells were then placed 
into the FLIPR™ and fluorescence monitored as 
described above before and after the addition of various 
vanilloid or cannabinoid agonists. It is noteworthy that 
the use of Fluo-4 is required in DRG cells in 384-well 
plate format, compared with Fluo-3 for rVR1-HEK293 
cells, to obtain a signal of sufficient magnitude. 


Measurement of cyclic AMP production 


DRG cells were incubated with cannabinoid agonists (100 
nM) for 15 min at 37°C. The cells were then exposed to 
Forskolin (3 uM) for 20 min and the levels of cAMP 
determined, using a cAMP enzyme immunoassay kit system 
(Amersham, cat. no. RPN 225). 


Data analysis 


Functional responses using FLIPR were measured as peak 
fluorescence intensity minus basal fluorescence and, where 
appropriate, expressed as a percentage of a maximum 
capsaicin-induced response on the same plate. Iterative 
curve-fitting and parameter estimations were carried out 
using a four parameter logistic model and Microsoft 
Excel.° Antagonist potency values (ICs)) were converted 
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Fig 1 Agonist stimulated (arrow) increase ın [Ca?*], ın rVR1-HEK293 
cells (A) and rat DRG cells (B) with capsaicin (100 nM), olvanil (100 
nM), AM404 (10 uM) and anandamide (10 uM). Data shown are typical 
traces from a single representative experiment. 


to apparent pKg values (functional antagonist affinity 
equivalent to pKi) using a modified Cheng—Prusoff correc- 
tion.! 


(ICs) 
[agonist] 
l+ Eca) 


Apparent pKs = —log 


Data are expressed as mean (SEM) unless otherwise stated. 
Statistical tests for significance were conducted using two- 
way analysis of variance. 


Materials 


Anandamide (arachidonoyl-ethanolamide), AM404 (N-(4- 
hydroxyphenyl-arachinoylamide) and all other cannabi- 


noids (AM630, AM251, AM281, HU210, WIN55, ZIZ-Z, 
CP55, G40) were obtained from Tocris (Bristol, UK). 
Capsaicin, capsazepine, olvanil (N-vanillyl-cis-9-octadece- 
noamide) and all bulk reagents were obtained from Sigma- 
Aldridge Ltd (Poole, Dorset, UK). All cell culture media 
were obtained from Life Technologies (Paisley, UK). 


Results P 


Capsaicin, olvanil, anandamide and AM404 increased 
[Ca**], when applied to rVR1-HEK and to rat DRG cells 
(Fig. 1). The temporal profiles of responses to capsaicin and 
olvanil in both cell types were comparable and were typified 
by an initially rapid then slowing onset (peak ~30 s) 
followed by a slowly declining phase (Fig. 1). The temporal 
profile of responses to anandamide and AM404 were also 
similar in both cell types although responses in DRG cells 
were more sustained than that in the recombinant system. 
Responses to all agonists were concentration dependent, 
with a rank order of potency of capsaicin = olvanil > AM404 
> anadamide in both cell types, although potencies deter- 
mined in rVR1-HEK cells tended to be higher (~0.8 log 
units) than those in DRG cells (Fig. 2 and Table 1). In the 
rVR1-HEK cells all agents were full agonists compared 
with capsaicin whereas AM404 was a partial agonist, 
compared with capsaicin, when tested in rat DRG cells 
(Fig. 2). Similarly, anandamide was less efficacious in DRG 
cells compared with rVR1-HEK cells, although the absolute 
efficacy of anandamide in DRG cells is difficult to 
determine as concentration—-response curves were bell 
shaped. The absence of a defined saturable response for 
anandamide in DRG cells, complicates determination of a 
meaningful potency value (Table 1). 

The competitive VR1 antagonist capsazepine and the 
poreblocker ruthenium red inhibited capsaicin-induced 
responses in a concentration-dependent manner with pK, 
values of 7.21 (0.06) and 8.54 (0.08) in rVR1-HEK cells and 
6.42 (0.02) and 8.60 (0.06) in rat DRG cells, respectively. In 
rVR1-HEK cells the antagonist affinity of capsazepine was 
not significantly different when inhibiting capsaicin-, 
olvanil-, AM404- or anandamide-induced responses with 
pKa values of 7.21 (0.06), 7.35 (0.06), 7.18 (0.03) and 7.40 
(0.12), respectively. 

Incubation with capsazepine (10 uM) or ruthenium red 
(1 M) significantly inhibited (P<0.01) subsequent re- 
sponses to capsaicin (300 nM) and anandamide (10 uM) in 
rat DRG cells (Table 2). In contrast to this, pre-incubation 
with the cannabinoid antagonists AM630, AM251, 
AM281,"” or cannabinoid agonists HU210, WIN 55,212-2 
or CP 55,9407 8 (10 uM) did not significantly alter the 
magnitude of subsequent capsaicin- or anandamide-induced 
responses (Table 2). 

Application of the synthetic cannabinoid agonists 
HU210, WIN 55,212-2 or CP 55,940 (1 uM) failed to 
induce an increase ın [Ca”*], in either cell type (data not 
shown), whereas pre-application of either capsaicin (1 uM) 
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Fig 2 Agonist stimulation (arrow), relative to capsaicin maximal 
response, in rVR1-HEK293 cells (A) and RDG cells (B) with capsaicin, 
olvanil, AM404 and anandamide. Data are mean (SEM) from at least 
three independent experiments < 


or anandamide (10 uM) significantly reduced (P<0.01) the 
magnitude of subsequent capsaicin (300 nM) and ananda- 
mide (10 uM) responses in DRG cells (Table 2). 

In DRG cells, -application of the cannabinoid agonist 
HU210 or CP 55,940 (1 uM) did not significantly (P<0.01) 
inhibit forskolin-induced cAMP production, with cAMP 
levels of 359 (103), 373 (101) and 376 (43) fmol, 
respectively (n=3). 


Discussion 

VRI receptors have been identified as a receptor for the 
endogenous cannabinoid anandamide in studies using both 
recombinant receptors'°’? and isolated tissue prepar- 
ations.!’ In the present study, using a common methodology 
we have compared the in vitro pharmacology of recombi- 
nant rat VR1 receptors with that of endogenous VR1 in 
primary DRG cells. We have also considered the relative 
contribution of CB, and VR1 receptors to anadamide- 
induced responses. 


Table 1 Agonist potencies (pECso) or per cent stimulation (30 uM, relative 
to capsaicin) of increases ın [Ca], in rVR1 expressing HEK293 cells and m 
dissociated rat neonatal DRG cultures Data are mean (SEM) from four to 
eight independent experiments 








rVR1-HEK293 Rat DRG 
Capsaicin 8 25 (0.11) 745 (0.10) 
Anandamide 5 85 (001) 63% 
AM404 6.96 (0 06) 6 10 (0 13) 
Olvanil 8 37 (0.04) 755 (007) 


Table 2 Effects of 30 min pre-incubation with vanilloid and cannabinoid 
ligands on subsequent capsaicin- or anandamide-induced [Ca?*], responses in 
DRG cells Data are mean (SEM), 7=4; *P<0 01 vs control 


Per cent stimulation 

ys Capsaicin ys Anandamide 

(300 nM) (10 pM) 
Control 100 (3) 100 (5) 
Capsazepine (10 uM) 3 (5)* 9 (1)* 
Ruthenum red (1 yM) 28 (3)* 38 (8)* 
Capsaicin (1 yM) 12 (2)* 23 (2)* 
Anandamide (10 uM) 24 (4)* 16 (4)* 
AM630 (1 yM) 102 (10) 120 (9) 
AM251 (1 yM) 99 (5) 102 (19) 
AM281 (1 M) 115 (5) 100 (12) 
WIN 55,212-2 (1 yM) 108 (8) 107 (10) 
CP 55,940 (1 pM) 105 (7) 101 (11) 
HU210 (1 yM) 91 (11) 116 (16) 


In the present study capsaicin, olvanil, anandamide and 
AM404 induced a concentration-dependent increase in 
[Ca?*], and the kinetics of responses in rVR1-HEK cells 
were virtually identical compared with those in rat DRG 
cells (Fig. 1). Similarly, agonist rank order of potency was 
also maintained between the two cell types and was 
consistent with that of previous reports.'* The observation 
that agonist potencies were higher in rVR1-HEK cells (~0.8 
log units) and the fact that anandamide and AM404 were 
less efficacious in DRG cells compared with rVR1-HEK 
cells, is readily explained by accepted receptor theory and 
suggests the presence of receptor reserve in the latter. 
However, the relatively low efficacy of anandamide in the 
DRG cells, and the fact that concentration—response curves 
to anandamide were bell-shaped in these cells, complicates 
determination of maximal efficacy. Moreover, in the present 
study it is impossible to determine if anandamide ıs a partial 
agonist in the DRG cells. However, it is likely that the bell- 
shaped concentration—response curves to anandamide 
reflect the relative insolubility of this compound at higher 
concentrations. In the present study responses to 30 uM 
anandamide, which represents the highest achievable con- 
centration without encountering solubility problems, were 
approximately 60% relative to that of capsaicin (1 M). The 
data are in agreement with data from electrophysiological 
studies using VR1 expressing HEK293 cells and Xenopus 
oocytes.'! The physiological significance of the relative 
efficacy of anandamide in this study, and the relevance to 
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the efficacy in man, has yet to be determined. It is 
noteworthy that the apparent affinity of capsazepine, but 
not ruthenium red, was lower in the DRG preparation than 
that in rVR1-HEK293 cells. The reason(s) for this remain 
unclear, but may reflect secondary modulation of the 
binding sites associated with the differing cellular environ- 
ment. 

Taken collectively the data are consistent with VR1- 
mediation of responses seen in both recombinant and DRG 
cells. However, several aspects of the present study provide 
evidence against the involvement of cannabinoid receptors 
in responses in the DRG cells. No inhibition of forskolin- 
induced cAMP production, nor any increase in [Ca”*],, was 
seen following the application of potent CB, receptor 
agonists,° !8 despite immunocytochemical evidence of CB, 
expression in DRG neurones.” Furthermore, neither the 
cannabinoid antagonists AM630, AM251 and AM281,’’ 
nor the CB, receptor agonists HU210, WIN 55,212-2 and 
CP 55,9407!® had any effect on either capsaicin- or 
anandamide-induced responses in DRG cells. In addition, 
the potency of anandamide in the present study (>10 uM) is 
considerably lower than the binding affinity (55 nM) 
reported for anandamide at CB, receptors.* In contrast, 
pre-application of known VR1 antagonists such as capsa- 
zepine’ and ruthenium red! significantly inhibited a 
subsequent response to capsaicin and anandamide. 

In the present study we have provided evidence that 
vanilloid pharmacology is similar in recombinant and 
physiologically relevant systems in vitro. We have also 
provided evidence that anandamide induces response in 
DRG cells that are VR1, but not CB, receptor-mediated. It is 
reasonable, therefore, to conclude that anandamide may 
mteract with vanilloid receptors in vivo leading to receptor 
desensitization and analgesia, as proposed previously,”*” 
but this remains controversial.” Overcoming the technical 
difficulties in handling poorly soluble lipid compounds such 
as anandamide, will contribute greatly to the resolution of 
this controversy. 

Nevertheless, it is clear that regarding the cannabinoid 
and vanilloid receptor systems as two completely separate 
entities, at least in their respective contribution to analgesia, 
is unwise. It could be argued that these two receptors share a 
common pharmacophore and that this is purely coincidental. 
On the other hand, though purely speculative, it is also 
tempting to consider that these receptors represent different 
classes of the same receptor system, somewhat analogous to 
the ionotropic and metabotropic classes of glutamate 
receptors. 

Evidence that a physiological link exists between VR1 
and CB, receptors is lacking in our data. In the present 
study, selective CB, agonists and antagonists had no 
feedback effects on subsequent VR1 activity. However, 
considering the possibility that the cannabiniod and the 
vanilloid systems are interlinked in the same physiological 
responses and share common pharmacophores, affords the 
possibility of development of novel analgesics with high 


therapeutic potential. A non-pungent VR1 receptor agonist 
that is also a CB, receptor agonist for example, may be 
efficacious in the treatment of pain. 

Alternative approaches are also being considered.” For 
example, modulation of anandamide biosynthesis and 
inactivation, such as inhibition of anandamide hydrolysis, 
may also provide useful therapeutics.” However, as is the 
case with all cannabinoid targeted drug therapies the 
contribution of the vanilloid system must not be overlooked. 
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Electrophysiological effects of morphine in an in vitro model of 
the ‘border zone’ between normal and ischaemic—reperfused 
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Background. Morphine is commonly used in clinical practice In pain management. Although 
morphine has been shown to precondition the myocardium, its effects on action potential par- 
ameters and Ischaemia—reperfusion-induced arrhythmias and conduction blocks remain 
unknown. 


Methods. In a double-chamber bath, guinea-pig right ventricular muscle strips were subjected 
partly to normal conditions and partly to 30 min of simulated ischaemia (hypoxia, hyperkalae- 
mia, acidosis, and lack of nutriuonal substrate) followed by 30 min of reperfusion. Action 
potential parameters were recorded continuously in the normal zone and in the ischaemic— 
reperfused zone. Spontaneous arrhythmias and conduction blocks were noted. The electro- 
physiological effects of morphine were studied at 0.01 and 0.1 uM. 


Results. In control conditions, morphine did not modify action potential parameters of resting 
membrane potential, maximal upstroke velocity (Vmax), action potential amplitude (APA) and 
action potential duration at 50 and 90% of repolarization. Morphine reduced ischaemia-induced 
depolarization and lessened the ischaemia-induced decrease in APA and Vmax Morphine signifi- 
cantly decreased the occurrence of conduction block during simulated ischaemia (20% at 0.01 
and 0.1 uM ys 67% in the control group, P<0.05) and reperfusion-induced arrhythmias (40% at 
0.01 uM and 30% at 0:1 uM vs 92% in the control group, P<0.05). 


Conclusions. In ischaemic—reperfused guinea-pig myocardium, morphine at clinically relevant 
concentrations decreased Ischaemia-induced conduction blocks and reperfusion-induced ven- 
tricular arrhythmias. 
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Morphine, a H-opioid receptor agonist, is used in daily 
clinical practice in the management of pain during acute 
myocardial infarction and in the postoperative period, when 
it is known to be associated with a high risk of myocardial 
ischaemia in patients with known or unknown coronary 
artery disease.’ A growing body of evidence suggests that 
opioid receptor stimulation may have cardioprotective 
effects.7* However, the clinical relevance of studies 
dealing with opioid-induced preconditioning remains lim- 


ited, because in acute myocardial infarction morphine is 
administered during or after, but rarely before, myocardial 
ischaemia. Similarly, in the postoperative period myocar- 
dial ischaemia may occur even though patients are treated 
with morphine. Moreover, because ischaemia-induced 
ventricular arrhythmias are potentially fatal complications 
of myocardial ischaemia, it is important to examine the 
effects of morphine on ischaemia- and reperfusion-induced 
arrhythmias. The main mechanisms involved in ventricular 
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arrhythmias related to myocardial ischaemia are abnormal 
automaticity and re-entrant rhythms.” Rouet and colleagues 
developed an in vitro model simulating the ‘border zone’ 
between normal and ischaemic—reperfused ventricular 
myocardium,° providing the opportunity to study ischae- 
mia-related conduction blocks and reperfusion-induced 
spontaneous arrhythmias.’ 

The purpose of our study was to examine the effect of 
clinically relevant concentrations of morphine administered 
during ischaemia and reperfusion on the time-course 
parameters of the action potential and on the incidence of 
arrhythmias in isolated guinea-pig myocardium. 


Material and methods 


Animal care was in agreement with the recommendations of 
the Helsinki Declaration and the study was performed in 
accordance with the official edict of the French Ministry of 
Agriculture. 

Guinea-pigs of either sex weighing 300—400 g were killed 
by cervical dislocation after brief ether anaesthesia, and 
immediately exsanguinated. The heart was quickly removed 
at room temperature into oxygenated Tyrode’s solution 
containing (mM) 135 Na*, 4 K*, 1.8 Ca”, 1.8 HPOJ, 25 
HCO3;,, 117.8 CI and 5.5 glucose. 

A myocardial strip (15 mm long, 5 mm wide, 1.5 mm 
thick) was carefully dissected from the free wall of the right 
ventricle. The strip was pinned, endocardial surface 
upwards, in a special perfusion chamber. This chamber 
(5 ml) was bisected by a thin latex membrane including a 
centrally located hole that allowed the preparation to be 
passed through and divided into two zones, called the 
normal zone (NZ) and the altered zone (AZ). The two 
compartments were perfused independently by a peristaltic 
pump at 2 ml min™’, bubbled with carbogen (95% oxygen, 
5% carbon dioxide). The pH of the Tyrode’s solution was 
equilibrated to 7.35 (0.05) with dilute hydrochloric acid and 
the temperature was maintained at 36.5°C with a water- 
circulating thermostat-controlled bath (Polystat 5HP; 
Bioblock, Illkirch, France). To check for the absence of 
leakage between the two compartments, we injected 
methylene blue dye into one compartment after the experi- 
ment. 


Data acquisition and analysis 


Preparations were stimulated at 1 Hz with two bipolar 
silicon-coated electrodes positioned in the NZ and in the 
AZ. A commutator allowed stimulation of the preparation 
through one or the other stimulating electrode. Stimuli were 
rectangular pulses of 1-2 V depolarizing voltage, duration 
2 ms, delivered by a programmable stimulator (model SMP 
310; Biologic, Grenoble, France). Preparations that needed 
pulses stronger than 5 V to elicit action potentials were 
discarded because there could have been a conduction block 
at the level of the latex separating membrane. During the 


protocol, stimulation was stopped whenever sustained 
spontaneous arrhythmias occurred. Action potential param- 
eters were recorded simultaneously in both myocardial 
regions using glass microelectrodes pulled from borosilicate 
filament tubes (GC 200F-15; Phymep, France) on a single- 
barrelled microelectrode puller (Narashige, distributed by 
OSI, France). Microelectrodes were filled with potassium 
chloride 3-M (tip resistance 10-30 MQ) and coupled to a 
silver—silver chloride microelectrode holder leading to a 
home-built, high-impedance capacitance-neutralizing amp- 
lifier. A ball-shaped reference silver-silver chloride elec- 
trode was positioned in the superfusate of each 
compartment. 

Action potentials (AP) were monitored on a digital 
oscilloscope (Gould Instrument Systems, Cleveland, OH, 
USA). The following AP parameters were automatically 
stored and measured using a cardiac AP automatic acqui- 
sition system and processing device (Datapac; Biologic): 
resting membrane potential (RMP); action potential amp- 
litude (APA), action potential duration at 50% of full 
repolarization (APDs9); action potential duration at 90% of 
full repolarization (APDgq); and maximal upstroke velocity 
(Vmax): Whenever possible, the same impalement was 
maintained throughout the experiment; when it was lost, 
readjustment was attempted. If the readjusted parameters 
differed by less than 10% from previous values, experiments 
were continued; otherwise they were terminated. 


Experimental protocol 


After a 2 h equilibration period (when AP parameters were 
stabilized), simulated ischaemia was induced for 30 min in 
the AZ compartment by superfusion with modified Tyrode’s 
solution, while the NZ compartment was maintained in 
normal conditions. The modified Tyrode’s solution differed 
from normal by elevated potassium concentration (from 4 to 
12 mM), decreased HCO; concentration (from 25 to 9 mM), 
leading to a decrease in pH [from 7.35 (0.05) to 6.90 (0.05)}, 
and decreased PO by replacement of 95% oxygen—-5% 
carbon dioxide with a gas mixture containing 95% nitrogen 
and 5% carbon dioxide and withdrawal of glucose. These 
modifications, combining hypoxia, hyperkalaemua, acidosis 
and lack of substrate, reproduced in vitro the electrophy- 
stological abnormalities induced in vivo by ischaemia ° 8'4 
After 30 min of simulated ischaemia, a 30 min reperfusion 
period was initiated by reperfusing Tyrode’s solution 
rebubbled with 95% oxygen-5% carbon dioxide mixture. 

During both simulated ischaemia and reperfusion, con- 
duction disturbances’? !? and arrhythmias®!°!> were re- 
corded: (i) conduction blocks between the AZ and the NZ; 
(ii) spontaneous arrhythmias independent of stimulation 
{one or two extrasystoles, salvos (3—10 AP), sustained 
activities (>10 AP)]; and (iii) loss of responsiveness to a 
constant stimulation intensity. Stimulation was stopped 
whenever sustained arrhythmias occurred. 
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Table 1 Effects of morphine on the action potential parameters in the normal zone’. Data are mean (SD). RMP=resting membrane potential; Vin.=maximal 
upstroke velocity of action potential, APA=sction potential amplitude; APDso and APDgo=action potential duration at 50 and 90% of repolarization 
respectively 


Ne ttt te 
Control Morphine 0.01 uM Morphine 0.1 M 
(n=12) (n=10) (n=10) 
L” ooo O D NN NTUNENNNEETEIE Se oy 
RMP (mV) 
Initial -94 (4) -97 (3) -93 (3) 
30 min 94 (4) -95 (5) -94 (3) 
soin -94 (4) -97 (5) -96 (4) 
Vma (mV 87!) 
ital 257 (87) 306 (94) 306 (133) 
30 min 188 (37) 271 (62) 264 (124) 
60 min 212 (59) 278 (51) 282 (103) 
APA (mV) 
Initial 119 (5) 123 (4) 120 (6) 
30 min 119 (4) 120 (8) 121 (5) 
60 min 120 (6) 124 (4) 121 (6) 
APD so (ms) 
Intal 114 (21) 104 (28) 107 (10) 
30 min 113 (26) 98 (29) 98 (15) 
60 nun 122 (23) 96 (26) 111 (5 
APD (ms) 
Tninal 141 (21) 131 (35) 138 (11) 
30 min 140 (25) 125 36) 132 (12) 
60 min 151 (22) 138 (34) 145 (12) 





During the simulated ischaemia and reperfusion phases, 
Tyrode’s solution with 0.01 or 0.1 uM morphine (n=10 for 
each group) added or Tyrode's solution alone (n=12) was 
superfused randomly in both compartments (NZ and AZ). 
Thus, the electrophysiological effects of morphine on AP 
parameters and the incidence of arrhythmias were investi- 
gated simultaneously in normal (NZ) and altered (AZ) 
conditions. 


Statistical analysis 


All results are expressed as mean (SD). Multiple comparison 
of continuous variables was performed by repeated-meas- 
ures analysis of variance followed by comparison with 
control or initial values (measurement before initiation of 
the ischaemic period) using the Bonferroni post hoc test. 
Fisher’s exact test was used for comparison of non- 
parametric categorical data. All P values were two-tailed, 
and P<0.05 was required to reject the null hypothesis. 


Results 


Ischaemia and reperfusion effects on action 
potential parameters 


In the NZ, all AP parameters recorded remained unchanged 
during 60 min of superfusion with normal Tyrode’s solution 
(Table 1), Simulated ischaemia-induced alterations of AP 
parameters are summarized in Table 2. In the control group, 
5 min of simulated ischaemia induced significant membrane 
depolarization [—27 (5)% of baseline, P<0.01], significant 
decreases in Vmax [-62 (14)% of baseline, P<0.01] and APA 
[-28 (10)% of baseline, P<0.01], and significant decreases 


in APDso [-70 (10)% of baseline, P<0.01] and APDoo [-66 
(10)% of baseline, P<0.01]. The maximal electrophysiolo- 
gical modifications reached a plateau within the first 10 min. 
Reperfusion of the AZ was associated with rapid recovery of 
the AP parameter values (Table 2). 


Morphine effects on action potential parameters in 
normoxic conditions 


As shown in Table 1, there were no differences in initial 
values of AP parameters between experimental groups. In 
the NZ, morphine at 0.01 and 0.1 uM did not modify the AP 
parameters RMP, Vmax, APA, APDsq and APDoo (Table 1). 


Morphine effects on action potential parameters in 
ischaemic—reperfused simulated conditions 

Morphine reduced the ischaemia-induced depolarization 
[+29 (5)% and —24 (5)% in the presence of morphine 0.01 
and 0.1 uM respectively, compared with —32 (1)% for the 
control group after 30 min of ischaemia; P<0.001 for each 
group]. The ischaemia-induced decrease in APA [~31 (5)% 
and -27 (6)% in the presence of morphine 0.01 and 0.1 uM 
respectively, compared with —39 (9)% for the control group 
after 30 min of ischaemia; P<0.001 for each group] and 
Vmax [-54 (7)% and —56 (12)% in the presence of morphine 
0.01 and 0.1 uM respectively, compared with -71 (19)% in 
the control group after 30 min of ischaemia; P<0.001 for 
each group] were significantly attenuated by morphine. As 
shown in Table 2, the ischaemia-induced AP shortenings 
were not affected by morphine whatever the concentration 
tested. At the end of the reperfusion, RMP, APA, Vmax 
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Table 2 Effects of morphine on the action potential parameters during simulated ischaemia and reperfusion in the abnormal zone Data are mean (SD) 
*P<0 01 baseline value vs value at the end of ischaemia and reperfusion; 'P<0.05 and #P<0.01 morphine groups vs control group. RMP=resting membrane 


potential; Vinax=maximal upstroke velocity, APA=action potential amplitude, APDso and APDg=action potential duration at 50 and 90% of repolanzauon 








respectively 
Control Morphine 0.01 uM Morphine 0.1 pM 
(n=x12) (r=10) (n=10) 

RMP (mV) 

Initial -91 (4) -97 (4) -95 (3) 

Ischaemia 30 mun 62 (3)* -68 (3)** ~72 (3)** 

Reperfusion 30 min ~92 (2) -100 (6) -97 (5) 
Vinay (MYV 8!) 

Initial 214 (50) 267 (75) 327 (95) 

Ischaerma 30 min 56 (32)* 121 (54)** 147 (27)** 

Reperfusion 30 min 187 (49) 249 (52) 295 (89) 
APA (mV) 

Initial 122 (6) 124 (6) 123 (4) 

Ischaemma 30 min 75 ()* 86 (6)** 89 (6)** 

Reperfusion 30 min 120 (5) 126 (3) 122 (3) 
APDso (ms) 

Inthal 113 (24) 96 (19) 113 (9) 

Ischaema 30 min 36 (20)* 30 (11)* 46 (14)* 

Reperfusion 30 mn 118 (16) 89 (13) 118 (7) 
APD (ms) 

Inal 138 (22) 123 (20) 141 (8) 

Ischaerma 30 min 53 (1N* 47 (14)* 62 (13)*t 

Reperfusion 30 mn 148 (14) 118 (16) 148 (8) 


APDso and APDo in the AZ reached baseline values and 
were comparable between groups (Table 2). 


Morphine effects on ischaemia—reperfusion-induced 
conduction disturbances 


As shown in Figure 1, conduction blocks occurred after 15 
(7) min in the control group, 16 (14) min in the presence of 
0.01 uM morphine and after 21 (7) min in the presence of 
0.1 M morphine. At the end of the ischaemic period there 
was no significant difference between groups in the 
incidence of loss of responsiveness (1% for control group 
and 0% for the morphine groups). Reperfusion of AZ 
induced complete recovery of responsiveness in all experi- 
mental groups. 

As summarized in Figure 2, morphine 0.01 and 0.1 M 
significantly decreased the occurrence of conduction block 
during the 30 min ischaemic period (20% for morphine 
groups vs 67% for the control group, P<0.01). In each 
group, conduction blocks disappeared during the reperfu- 
sion period. 


Morphine effects on ischaemia—reperfusion-induced 
arrhythmias 

As illustrated in Figures 1 and 2, during the ischaemic 
period the number of preparations exhibiting spontaneous 
repetitive responses was not modified in the presence of 
morphine. During the reperfusion period, the occurrence of 
spontaneous repetitive responses was significantly de- 
creased in the presence of morphine 0.01 and 0.1 uM 


(40% in the presence of 0.01 UM morphine and 30% in the 
presence of morphine 0.1 UM vs 92% in the control group; 
P<0.05). 


Discussion 

This study showed that: (i) morphine reduced ischaemia- 
induced membrane depolarization and attenuated the 
ischaemia-induced decrease in APA and Vmax; (ii) morphine 
decreased the occurrence of conduction block during 
simulated ischaemia; and (iii) morphine decreased the 
occurrence of reperfusion-induced arrhythmias. 

Our results show that morphine did not affect AP 
parameters in normoxic conditions. This is in accordance 
with previous results showing that morphine, even at high 
concentrations, did not significantly modify electrophysio- 
logical parameters recorded on isolated myocardium.’> 1$ 
Although Hung and colleagues have shown that morphine 
decreases the sodium inward current (Ina) in human and rat 
isolated myocytes, this effect became significant at concen- 
trations 100-fold higher than those tested in our study.” 
Additionally, Hung and colleagues showed that morphine at 
30 uM did not affect the inward calcium current, the 
transient outward potassium current or the inwardly recti- 
fying potassium currents.” In our study we tested the effects 
of morphine 0.01 and 0.1 uM because these concentrations 
are in the range of plasma concentrations measured in 
clinical practice, taking the protein binding of morphine into 
account.'® To our knowledge, there are no studies dealing 
with the effects of clinically relevant concentrations of 
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Fig 1 Effects of morphine on the mcidence of conduction block and arrhythmia during simulated ischaemia (left panels) and reperfusion (right 
panels) Every 2 min during the ischaemic penod (30 min) and the reperfusion period (30 min), values are expressed as percentages of preparations 
presenting conduction blocks between the two myocardial regions and spontaneous arrhythmias, defined as disturbances. Results are reported in the 
absence of drug (top panels) and ın the presence of 0.01 yM (middle panels) and 0.1 yM morphine (bottom panels). 


morphine on ion transmembrane currents in myocardial studies. 7 !° Furthermore, in AZ the ischaemia-induced 
cells. decrease in RMP was attenuated by morphine at 0.01 

Our results confirm the ischaemia-induced decrease in and 0.1 uM. It is well known that depolarization of the 
RMP and AP parameters reported previously in similar RMP can lead to steady-state inactivation and slower 
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Fig 2 Effects of morphine on the incidence of loss of responsiveness to constant stimulation intensity, arrhythmias and conduction blocks during 
simulated ischaemia and reperfusion periods. Data are expressed as percentage of preparations with disturbances during the experiments. 


reactivation of sodium channels, thereby reducing the 
number of channels available to carry Jy, during the 
action potential upstroke. Consequently, attenuated 
ischaemia-induced membrane depolarization measured 
in the presence of morphine should attenuate the 
ischaemia-induced decrease in Jy,, and thus the 
decreases in Vmax and APA. This is in agreement with 
our results showing that morphine attenuated the 
decrease in Vmax and APA measured during simulated 
ischaemia. Because depolarizing the RMP plays a 
pivotal role in the production of re-entrant arrhythmias 
during the acute phase of ischaemia,’* this result could 
explain, at least in part, the anti-arrhythmic effect of 
morphine reported here and in previous studies.” 1° ?° 
Our study shows that morphine did not modify the 
ischaemia-induced decrease in APDs 9 and APDop. 
Although morphine 0.1 uM significantly attenuated the 
ischaemia-induced decrease in APDoo, this effect re- 
mained modest. Ischaemia-induced shortening of AP 
duration has been related to the activation of an ATP- 
sensitive potassium (K-ATP) conductance.”! The direct 
effect of morphine on sarcolemmal K-ATP channels in 
myocytes remains unknown, but recent evidence sug- 
gests that mitochondrial K-ATP channels may be opened 
by opioid receptor stimulation, leading to a precondi- 
tioning state.? 2? Moreover, pretreatment of isolated rat 
hearts with a selective antagonist of the mitochondrial 
K-ATP channels abolished the anti-arrhythmic effect of 
5,-opioid receptor stimulation.” However, sarcolemmal, 
but not mitochondrial, K-ATP channels are involved in 
the repolarization phase of the cardiac AP, supporting 
the unchanged AP duration reported in our study. 


Our study shows that, during simulated myocardial 
ischaemia, morphine significantly decreased the occurrence 
of conduction blocks in the border zone. It is well known 
that slowing of conduction velocity, occurrence of conduc- 
tion blocks and dispersion of the refractory period between 
an ischaemic zone and a non-ischaemic zone (‘border zone’) 
favour the emergence of re-entry arrhythmias.!?!* This 
should be considered with the knowledge that morphine is 
used to treat chest pain associated with myocardial 
infarction. In contrast, morphine did not modify the 
occurrence of spontaneous arrhythmias during the ischae- 
mic period, as reported previously.” ** However, ischae- 
mia-induced spontaneous arrhythmias are unlikely to be 
related to re-entry movement because it has been shown that 
they are independent of stimulation.’ Although Fryer and 
colleagues” and Wang and colleagues’? reported an anti- 
arrhythmic effect of opioid receptor stimulation, in these 
studies opioid agonists were administered before myocar- 
dial ischaemia as triggers of preconditioning.’ * In contrast, 
in our study morphine was administered throughout the 
duration of ischaemia and reperfusion, as might occur in 
clinical practice. 

Our results show that morphine significantly decreased 
the incidence of reperfusion-induced repetitive responses 
around the ‘border zone’ between AZ and NZ. This is in 
agreement with previous results showing that chronic 
morphine exposure significantly reduced the incidence and 
severity of reperfusion-induced arrhythmias in isolated rat 
hearts.” The mechanisms involved in arrhythmias that 
occur during reperfusion and were morphine-sensitive in 
our experimental model are not completely understood, but 
might involve x-% and 8-opioid” receptors, adrenoceptor 
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modulation,”® reduction of conduction block, sodium or 
calcium overload and possibly reactive oxygen species.” 
The hypothesis of adrenoceptor modulation is supported by 
studies suggesting that the anti-arrhythmic effect of &- and 
«-opioid receptor stimulation resulted, at least in part, from 
negative modulation of B-adrenoceptors and a decrease in 
intracellular calcium oscillations.”° ** So opioid receptor 
stimulation may be an important way to counteract the 
excitatory influence of the sympathetic nervous system, thus 
preventing dysrrhythmias arising from overactivity of 
adrenoceptors during ischaemia. Finally, further studies 
are needed to understand the precise mechanism involved in 
the anti-arrhythmic effect of morphine in ischaemic— 
reperfused myocardium. 

There are several limitations to our study. First, the 
simulated ischaemia used modified Tyrode’s solution with 
acidosis, hyperkalaemia, hypoxia and lack of energetic 
substrates. As described previously,° 8-11 these conditions 
accurately reproduced the electrical alterations of cardiac 
APs observed in vivo during experimental myocardial 
ischaemia.'* Additionally, the reliability of the double- 
bath technique is demonstrated by the constancy of the AP 
parameters in the NZ, adjacent to the AZ. Secondly, the 
border between normal and ischaemic—reperfused myocar- 
dium is probably narrower and more regular than it might be 
in clinical conditions. As shown previously,° this ‘border 
zone’ model reproduces arrhythmias similar to those 
observed in vivo during experimental transient coronary 
artery occlusion’! !? or in humans during coronary trans- 
luminal angioplasty and after thrombolytic therapy.” 
Thirdly, the study was performed on guinea-pig myocar- 
dium, which differs from human myocardium, although the 
main ionic currents involved are qualitatively similar in the 
two species. Fourthly, the ischaemic conditions used here 
are severe and did not allow extrapolation of our results to 
less severe ischaemic insults. Finally, an in vitro model, 
however complex, cannot reproduce the in vivo situation 
exactly but may provide important information for the 
clinicians.” 

In conclusion, our study of guinea-pig ventricular muscle 
shows that clinically relevant concentrations of morphine 
reduced ischaemia-induced electrophysiological changes, 
decreased the occurrence of conduction block during 
simulated ischaemia, and decreased the incidence of 
reperfusion-induced arrhythmias. 


Acknowledgements 
This work was supported by the University of Caen 


References 


I Mangano DT, Browner WS, Hollenberg M. London MJ, Tubau JF, 
Tateo IM and the Study of Perioperative Ischemia Research 
Group. Association of perioperative myocardial ischemia with 
morbidity and mortality in men undergoing noncardiac surgery. 
N Engl | Med 1990; 323: 1781-8 


894 


2 Fryer RM, Hsu AK, Nagase H, Gross GJ. Opioid-induced 
cardioprotection against myocardial Infarction and arrhythmias: 
mitochondnal versus sarcolemmal ATP-sensitive channels. j 
Pharmacol Exp Ther 2000; 294: 451-7 

3 Liang BT, Gross GJ. Direct preconditioning of cardiac myocytes 
via opioid receptors and Karp channels. Circ Res 1999; 25: 
1396-400 

4 Bell S, Sack MN, Patel A, Ople LH, Yellon DM. Delta opioid 
receptor stimulation mimics ischemic preconditioning in human 
heart muscle j Am Coll Cardio! 2000; 36: 2296-302 

5 Gallagher JD. Electrophysiological mechanisms for ventricular 
arrhythmias tn patients with myocardial ischemia: anestheslologic 
considerations. Part |. J Cardiothorac Vasc Anesth 1997; I}: 
495-505 

6 Rouet R, Adamantidis M, Honore E, Dupuis B. In vitro abnormal 
repetitive responses in guinea pig ventricular myocardium 
exposed to combined hypoxra, hyperkalemia and acidosis. J 
Appl Cardiol 1989; 4: 19-29 ` 

7 Rouet R, Picard S, Libersa C, Ghadanfar M, Albaster C, Gerard 
JL. Electrophysiological effect of dofetilide in an in vitro model of 


‘border zone’ between normal an Ischemic/reperfused 
myocardium. Greulation 2000; 101: 86-93 
8 Bellchard P, Pruneau D, Rouet R, Sakmann JL 


Electrophysiological responses of hypertrophied rat 
myocardium to combined hypoxia, hyperkalemia and acidosis. | 
Cardiovasc Pharmacol 1991; 17 (Suppl 2): Si41-S 

9 Scharin M, Puddu PE, Rouet R. Muluvarlate prediction of 
spontaneous repetitive response in ventricular myocardium 
exposed in vitro to simulated Ischemic conditions. Int J Cardio! 
1994; 45: 9-22 

10 Picard S, Rouet R, Monti F, et al. Proarrhythmic effects of DL- 
and D-sotalol on the ‘border zone’ between normal and 
ischemic regions of Isolated ventricular myocardium and 
antiarrhythmic effects on reperfusion. {| Cardiovasc Pharmacol 
1998; 31: 26-39 

1} Morena H, Janse MJ, Fiolet JWT, Krieger WJG, Crijns H, Durrer 
D. Comparison of the effects of regional Ischemia, hypoxia, 
hyperkalemia and acidosis on intracellular and extracellular 
potentials and metabolism ın isolated porcine heart. Gire Res 
1980; 46: 634-46 

12 Janse Mj, Cinca J, Morena H, et al. The ‘border zone’ In 
myocardial ischemia. An electrophysiologial, metabolic and 
histochemical correlation in pig heart. Circ Res 1979; 44: 
576-88 

13 Pasnani JS, Ferrier GR. Pro-and anti-arrhythmic effects of D- 
sotalol and DL-sotalol In an Isolated tissue model of ischemia and 
reperfusion. | Pharmacol Exp Ther 1994; 271: 184-92 

14 Janse MJ, Wit AL. Electrophysiological mechanism of ventricular 
arrhythmias resulting from myocardial ischemia and Infarction. 
Physiol Rev 1989; 69: 1049-169 

15 Nawrath H, Rupp J, Jakob H, Sack U, Mertzlufft F, Dick W 
Failure of oploids to affect excitation and contraction in isolated 
ventricular heart muscle. Experientia 1989; 45: 337-9 

16 Brasch H. Influence of the optical Isomers (+)- and (-)-naloxone 
on beating frequency, contractile force and action potentials of 
gulnea-plg isolated cardiac preparations. Br J Pharmacol 1986; 88: 
733—40 

17 Hung CF, Tsai CH, Su Mj. Opioid receptor independent effects 
of morphine on membrane currents in single cardiac myocytes. 
Br J Anaesth 1998; 81: 925-31 

18 Sarton E, Olofsen E, Romberg R, et al. Sex differences in 
morphine analgesia: an experimental study in healthy volunteers. 
Anesthestology 2000; 93: 1245-54 

19 Wang GY, Wu S, Pel JM, Yu XC, Wong TM. K- but not 5-opioid 


Morphine and ischaemia—reperfusion-induced arrhythmias 


receptors mediate effects of Ischemic preconditioning on both 
infarct and arrhythmia in rats. Am j Physiol 2001; 280: H384—91 


20 Sarne Y, Flitstein A, Oppenheimer E. Ant-arrhythmic activities of 


2I 


opioid agonists and antagonists and their stereoisomers. Br j 
Pharmacol 1991; 102: 696-8 

Coetzee WA. ATP-sensitive potassium channels and 
myocardial ischemia: why do they open? Cardiovasc Drug 
Ther 1992; 6: 201-8 

Cohen MY, Yang XM, Llu GS, Heusch G, Downey JM. 
Acetylcholine, bradykinin, opioids, and phenylephrine, but not 
adenosine, trigger preconditioning by generating free radicals 
and opening mitochondrial K(ATP) channels. Circ Res 2001; 89: 
273-8 


23 Murphy DB, Murphy MB. Opioid antagonist modulation of 


ischaemia-induced ventricular arrhythmias: a 
mechanism. | Cardiovasc Pharmacol 1999; 33: 122-5 


peripheral 


24 Yu XC, Wang HX, Pei JM, Wong TM. Antrarrhythmic effect of 


k-oploid receptor stimulation in the perfused rat heart: 


895 


Involvement of a cAMP-dependent pathway. | Mol Cell Cardiol 
1999; 31: 1809-19 


25 Wong TM, Lee AY. Chronic morphine treatment reduces the 


26 


27 


28 


29 


incidence of ventricular arrhythmias In the Isolated rat heart 
induced by dynorphin I-13 or myocardial ischemia and 
reperfusion Neurosa Lett 1987; 77: 61-5 

Pepe S, Xiao RP, Hohl C, Altschuld R, Lakatta EG. Cross talk 
between opioid peptide and adrenoceptor signaling in isolated 
rat heart. Circulation 1997; 95: 2122-9 

Corr PB, Witowski FX. Potential electrophystologic mechanisms 
responsible for dysrrhythmlas associated with reperfusion of 
Ischemic myocardium. Circulation 1983; 68: 16—24 

Tzivoni D, Keren A, Granot H, Gottlieb S, Benhorin J, Stern $ 
Ventricular fibrilanon caused by myocardial reperfusion in 
Printzmetal angina. Am Heart { 1983; 105: 323-5 

Rosen MR. The links between basic and clinical cardiac 
electrophysiology Circulation 1988; 77; 251-63 


British Journal of Anaesthesia 89 (6): 896-903 (2002) 





Sevoflurane preconditions stunned myocardium in septic but not 


healthy isolated rat hearts 
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Background. Recent evidence indicates that sevoflurane treatment before prolonged ischae- 
mia reduces infarct size in normal hearts, mimicking Ischaemic preconditioning. We examined 
whether exposure to sevoflurane before brief ischaemia, inducing a ‘stunned myocardium’, pro- 
vided such protective effects in an isolated working heart from normal or septic rats. 


Methods. With institutional approval, 91 rats were randomly allocated into one of either 
caecal-ligation and perforation (CLP: n=50) or sham (Sham: n=41) procedure groups 24 h 
before the study. After determination of baseline measurements, including cardiac output 
(CO), myocardial oxygen consumption (mVo) and cardiac efficiency (CE; COXpeak systolic 
pressure/mVO,), each isolated heart was perfused with or without 2% sevoflurane for 15 min 
before global ischaemia (pre-ischaemia). After 15 min ischaemia and 30 min reperfusion, all 
hearts were assessed for functional recovery of myocardium (post-reperfusion). 


Results. During the pre-ischaemia period, 2% sevoflurane caused a significant reduction of CO 
in the CLP group compared with the Sham group. During the post-reperfusion period, both 
CO (16.9: vs 11.0 ml min™') and CE (11.2 vs 7.7 mm Hg mI! (u ©2)~') was higher in the sevo- 
flurane-treated vs -untreated hearts from CLP rats, and was accompanied by lower incidence 
of reperfusion arrhythmia compared with control hearts (8 vs 32%). In contrast, 2% sevoflurane 
did not provide cardioprotective effects in normal rats. 


Conclusions. The current study demonstrates that pre-treatment with sevoflurane minimizes 
myocardial dysfunction and the incidence of reperfusion arrhythmia after brief ischaemic Insults 


in septic hearts. 
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Several pharmacological agents such as adenosine and 
opioids have been shown to produce similar properties to 
ischaemic preconditioning, defined as the concept that 
repeated short periods of ischaemia render the heart more 
resistant to a subsequent sustained ischaemic period.'? 
Recently, an increasing amount of evidence indicated that 
exposure to volatile anaesthetics also displays protective 
roles on ischaemic myocardium, mimicking such ischaemic 
preconditioning. For example, in dogs, sevoflurane 
treatment before ischaemia reduced infarct size, possibly 
through the opening of adenosine triphosphate-sensitive 
potassium (Karp) channels.’ Compared with other volatile 
anaesthetics, sevoflurane is characterized by the preserva- 
tion of myocardial blood flow through the involvement of 


collateral circulation, independent of Karp channels.®? 
However, it remains unclear whether such properties of 
sevoflurane work in stunned myocardium, that is transient 
myocardial dysfunction after short periods of ischaemia. 
Sepsis, characterized by a marked elevation of tissue 
oxygen demand, is frequently accompanied by multiple 
organ failure including myocardial dysfunction even at the 
early stage of the hyperdynamic circulatory state.!0!! A 
previous study showed that the ultra-structural architecture 
of the myocardium, including mitochondria and myofibrils, 
were swolien and damaged in a large animal model of 
sepsis. !? Thus, septic myocardium may not be able to utilize 
oxygen efficiently even under the conditions of supranormal 
oxygen supply to the myocardium.'! In addition, another 
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Fig 1 Schematic drawing of experimental procedure. Abbreviations: Sham, Sham group; CLP, caecal-ligation and perforation group: CONT, contro! 
group; SEVO, sevoflurane group; LD, Langendorff s retrograded perfusion mode. 


study demonstrated that the flow reserve of the coronary 
circulation to maximize blood flow and oxygen extraction 
was limited." Thus, septic myocardium appears to be more 
vulnerable to even brief periods of ischaemia and subse- 
quent reperfusion. We, therefore, tested the hypothesis that 
sevoflurane protected the septic heart from ischaemia to 
produce a ‘stunned myocardium’. In the present study, we 
used the caecal-ligation and perforation (CLP) model to 
develop the early stage of sepsis as described previously." 
Using an isolated working heart from CLP-treated rats, we 
examined whether exposure of 2% sevoflurane served to 
minimize myocardial dysfunction and the incidence of 
reperfusion arrhythmia following brief period of ischaemia. 


Materials and methods 


This study procedure was approved by the animal care and 
utilization committee in Keio University School of 
Medicine. 


Animal preparation 


Ninety-one male Wistar rats, weighing 310-380 g. were 
studied after a 3- to 7-day period of acclimatization in our 
laboratory. Water and laboratory chow were available ad 
libitum after intraperitoneal (i.p.) injection of pentobarbital 
(30 mg kg™') and the femoral vein was cannulated with a 
catheter (PESO; Intermedic, Sparks, MD, USA) under sterile 
conditions. The animals were then randomized into either 
sham-treatment (Sham) or CLP group. In the latter animals, 
a laparotomy was performed and a ligature was placed 
around the caecum immediately distal to the ileocaecal 


valve. The caecum was then punctured twice with an 
18-gauge needle. Following this preparatory surgery, nor- 
mal saline was infused at 3 ml h`’ via the catheter for the 
next 24 h. This preparation was demonstrated to produce 
normotensive, hyperdynamic sepsis.'* As the laparotomy 
per se caused septic responses in rats, the Sham animals in 
this experiment did not receive open laparotomy as 
described previously.'* 


Study procedure 


Figure | depicts the study procedure. Twenty-four hours 
after randomization to either the Sham (n=41) or CLP 
(n=50) group, animals were anaesthetized with sevoflurane 
in oxygen. After the intravenous (i.v.) injection of heparin 
(300 IU kg™'), the abdomen was opened and | ml of blood 
was taken from descending aorta for subsequent analyses of 
arterial lactate. Thereafter, the hearts were rapidly excised, 
mounted on a non-recirculating Langendortf apparatus to 
allow further preparation, and perfused with modified 
Krebs-Henseleit solution at 37°C (composition in mM: 
NaCl 120, KCI 4.8, KH2PO, 1.2. MgSO, 1.2. CaCl, 1.25, 
NaHCO, 25, and glucose 11) as described previously.” The 
perfusion buffer was equilibrated with a 95% oxygen/5% 
carbon dioxide gas mixture, resulting in a buffer PO» above 
60 kPa. 

Spontaneous beating hearts were used throughout the 
study periods. Following aortic cannulation, the left atrium 
was cannulated through the pulmonary vein to allow filling 
and contraction of the left atrium. With the left atrial 
cannula open, the Langendorff column was closed and the 
aortic outflow line opened so that buffer entering through 
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the left atrium could be pumped out of the left ventricle, that 
is the antegrade working mode. As perfusion of left atrium 
provided sufficient heart rate in this mode, electrical pacing 
was obviated to examine the protective effects of sevo- 
flurane on reperfusion arrhythmia. During this working 
mode, a left atrial filling pressure of 15 cm H,O and a mean 
aortic pressure of 70 cm H20 were maintained by adjusting 
the height of the left atrial buffer reservoir above the heart 
and by a column height equivalent to 70 cm H,O, 
respectively. Following ligation of the superior and inferior 
vena cava in addition to the pulmonary veins to ensure that 
the coronary effluent passed through the pulmonary artery, 
the pulmonary artery was cannulated with 16-gauge steel 
cannula and right ventricular outflow was monitored with 
transit-time ultrasound flowmeter (T206, Transonic 
Systems Inc., New York, USA) for the measurement of 
coronary flow as described previously.'©'’ The probe of this 
flowmeter was also attached to the aortic flow root. 
Simultaneously, a catheter-tip pressure transducer (post- 
craniotomy subdural pressure monitoring kit: 110-4G, 
Neuro Care Group Camino, CA, USA) was inserted into 
the left ventricle through the left atrium. 

After 30 min of initial perfusion in working mode, 
baseline measurements were used. The hearts were further 
randomized into two subgroups: control or sevoflurane 
group. The latter subgroup (Sham/SEVO, n=20 or CLP/ 
SEVO, n=25) was perfused for 15 min with modified 
Krebs-Henseleit solution, in which sevoflurane was admin- 
istered at 2.0% via a calibrated sevoflurane vaporizer 
(Datex-Ohmeda, Helsinki, Finland). Control hearts were 
subjected to the same perfusion procedure without admin- 
istration of sevoflurane (Sham/CONT, n=21 or CLP/CONT, 

=25). All isolated perfused hearts underwent 15 min global 
ischaemia at room temperature (approximately 25°C). The 
hearts were then re-perfused for 5 min in a Langendorff’s 
perfusion mode, followed by working heart mode at 37°C 
for 30 min without sevoflurane. As depicted in Figure 1, 
measurements described below were repeated during the 
pre-ischaemic and post-reperfusion periods. Hearts were 
immediately freeze-clamped between blocks of metal 
cooled to the temperature of liquid nitrogen and stored at 
~40°C until extraction for high-energy phosphate analyses. 


Specific measurements and calculations 


Cardiac output (CO) was defined as the sum of coronary and 
aortic flows in this experimental setting as described 
previously.'° Left-ventricular pressure (LVP) was con- 
tinuously monitored with a transducer (post-craniotomy 
subdural pressure monitoring kit; 110-4G, Neuro Care 
Group Camino, CA, USA and Life Scope H, Nihon Koden. 
Tokyo, Japan) and recorded in a digital recorder (PC208, 
Sony, Tokyo, Japan). Using computer software 
(Acqknowledge v3.0 data acquisition systems, Biopac 
Systems, Goleta, CA, USA and Microsoft Excel, 
Microsoft, WA, USA), LV peak systolic pressure 


(LVPSP), LV end-diastolic pressure (LVEDP), maximum 
rate of LV pressure rise (dP/d¢,,,x), and heart rate (HR) were 
calculated, based on the averages of five beats. LV 
developed pressure (LVDP), which was regarded as a 
marker of contractility of the isolated rat heart, was 
calculated by subtracting LVEDP from LVPSP. 
Reperfusion arrhythmia was defined as the irregular inter- 
vals of peak systolic pressure on the pressure monitor 5 min 
after the initiation of working mode. 

Po, of the perfusion medium obtained at pre-perfusion 
(in-flow) and right ventricular outflow (out-flow) was 
determined using a standard blood gas analyser (Chiron 
860 series, Chiron Diagnostics Corp., East Walpole, MA, 
USA). Oxygen delivery was calculated as inflow oxygen 
tension, in millimetres of mercury, multiplied by oxygen 
solubility (24 ul ml! Krebs-Ringer’s solution at 760 mm 
Hg oxygen and 37°C) and coronary flow (ml min`’). 
Myocardial oxygen consumption (mV02) was calculated as 
oxygen solubility multiplied by the difference between in- 
flow and out-flow oxygen tension and coronary flow. CE 
was determined as the ratio of cardiac work, the product of 
CO (ml min™!)XLVPSP (mm Hg), to mVo, uncorrected for 
heart weight as described previously. 8 1° 


Biochemical analyses 


High-energy phosphates in the myocardium were measured 
as described previously.’ Briefly, freeze-clamped left 
ventricular tissue from CLP and Sham animals were first 
broken in a frozen sample crusher (TK-CM20S, Yaghi 
Grassware, Tokyo, Japan) and then homogenized with a 
teflon-coated homogenizer (luchi, Tokyo, Japan) in ice- 
chilled 0.6 N perchloric acid. The samples were centrifuged 
(3000 g for 10 min), neutralized with 1 N potassium 
hydroxide, and re-centrifuged. Myocardial creatine phos- 
phate (CrP), adenosine monophosphate (AMP), adenosine 
diphosphate (ADP), and adenosine triphosphate (ATP) 
contents were measured using high-performance liquid 
chromatography with a reverse-phase column (Shim-Pack 
VP-ODS, Shimazu, Tokyo, Japan). Elution was performed 
at 1.0 ml min™', and an ultraviolet/visible spectrophoto- 
meter (Shimazu, SPD-10A, Tokyo, Japan) at 210 nm was 
used to detect these phosphates. Tissue contents of these 
metabolites were reported in micromoles per gram wet 
tissue. 


Statistical analysis 

This experiment utilized a three-factor design with a full 
2x2 factorial allotment to (CLP/Sham)x(CONT/SEVO). 
The third factor, ischaemia-reperfusion, was implemented 
as a repeated measure. Values are described as mean (SD) 
unless otherwise specified. To compare and contrast the 
effects of sepsis across the sevoflurane treatment groups 
before the induction of ischaemia-reperfusion, two-way 
analysis of variance was employed using a statistical 
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Table 1 Baseline myocardial function in the Sham and CLP groups at the baseline stage. Data were expressed as mean (SD). Significance: *P<0.01 vs Shan 
group 
Group LVDP LVEDP dP/dt pny co Heart rate Stroke volume Coronary flow 
(mm Hg) (mm Hg) (mm Hg s~") (ml min™!) (beats min”) (ml) (ml min™) 
Sham 89.8 (11.3) 7.8 (3.1) 2610 (470) 48.9 (9.9) 292 (54) 0.17 (0.04) 
CLP 77.7 (14.1)* 7.9 (3.0) 2020 (500)* 32.6 (1.3)* 253 (58)* 0.13 (0.05) 
Cardiac work mVo, Cardiac efficiency 
6000 30 
T __ 200 be - 
£ * i O 
E e i} 
g 4000 E E 204 
oD N 
T O F 
E = 100 E 
E = 
= 2000 = 10 
0 0 0 
Sham CLP Sham CLP Sham CLP 
Fig 2 Baseline differences of myocardial function in an isolated working heart between Sham and CLP rats. Abbreviations: Sham, Sham roup; CLP 


caecal-ligation and perforation group: mVO, myocardial oxygen consumption. Cardiac efficiency, the ratio of cardiae work. the product of 


COXLVPSP, to mVop. Significance: *P<0.05 vs Sham group. 


package of SPSS/9.0J for Windows (SPSS Inc., Chicago, 
IL, USA). After induction of ischaemia-reperfusion, results 
between baseline and post-reperfusion periods were ana- 
lysed using repeated-measures analysis of variance. Where 
appropriate, directed pair-wise comparisons of individual 
groups were conducted using a Bonferroni-corrected 95% 
confidence interval. The incidence of arrhythmia was 
examined using Kruskal-Wallis test. A P value <0.05 was 
regarded as significant. 


Results 


Sepsis model and myocardial function in vitro 


At 24h after laparotomy, all CLP rats demonstrated reduced 
activity, pilo-erection and exudation around eyes and nose. 
At postmortem, pan-peritonitis with moderate volume of 
ascites was confirmed in all CLP rats. Arterial lactate levels 
were not significantly different 24 h after CLP [2.0 (0.5) vs 
2.6 (1.1) mmol litre™']. In contrast, sham-treated animals 
demonstrated an uneventful recovery from anaesthesia and 
had no marked sign of illness. As no significant differences 
were found within each major group at baseline, individual 
data were pooled into either the CLP or Sham group as 
shown in Table 1. Baseline haemodynamic values, includ- 
ing LVDP, dP/dtmax, and CO, along with both HR and 
stroke volume, were significantly lower in the CLP group 
than those in the Sham group (P<0.01), whereas LVEDP 
was similar between the groups. Simultaneously, the 


coronary flow was depressed to approximately 80% of the 
Sham animals in the CLP group. Figure 2 shows baseline 
differences of cardiac work, mVO and cardiac efficiency 
between the Sham and CLP. Compared with normal, septic 
hearts from the CLP rats showed not only significantly less 
work and oxygen consumption but also less efficiency over 
the baseline study period. 


Effects of sevoflurane in normal or septic heart 
against ischaemia-reperfusion 

Table 2 illustrates the time course of myocardial function 
throughout the study periods with or without sevoflurane 
pre-treatment in the hearts of Sham and CLP rats. In the 
Sham group, no differences in myocardial function were 
observed at the baseline between CONT SEVO 
subgroups. Although the difference of LVDP at pre 
ischaemia was not statistically significant, a reduction of 
dP/dtmax and approximately a 28% decrease of CO with 
constant heart rates in the SEVO subgroup were found. Two 
per cent sevoflurane decreased mainly stroke volume in an 
isolated working mode of normal rat heart. In contrast, both 
mvo» and coronary flow did not change during sevoflurane 
exposure. With ischaemia and reperfusion, all parameters of 
myocardial function including LVDP, dP/dr,,,,. and CO 
were significantly depressed, and were accompanied by a 
reduction of mVO and coronary flow. indicating that a 
‘stunned myocardium’ developed in this experimental 
setting. Alternatively, sevoflurane exposure before 15 min 


and 
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Table 2 Changes of haemodynamic parameters of working heart model in Sham and CLP groups with or without sevoflurane treatment. Data were expressed 
as mean (SD). Abbreviations: CONT, no treatment; SEVO. sevoflurane treatment. Significance: *P<0.05, #*P<0.01 vs CONT group, “P<0.05, *P<0.01 vs the 


baseline period 








Group Subgroup 
LVDP imm Hg) Sham CONT 
SEVO 
CLP CONT 
SEVO 
LVEDP (mm Hg) Sham CONT 
SEYO 
CLP CONT 
SEVO 
dP/dtma (mm Hg s~’) Sham CONT 
SEVO 
CLP CONT 
SEYO 
CO iml min”) Sham CONT 
SEVO 
CLP CONT 
SEVO 
Heart rate (beats min’) Sham CONT 
SEVO 
CLP CONT 
SEVO 
mVO, (ul minh) Sham CONT 
SEVO 
CLP CONT 
SEVO 
Coronary flow (ml min™') Sham CONT 
SEVO 
CLP CONT 
SEVO 





Baseline Pre-ischaemia Post-reperfusion 
91.4 (9.2) 86.9 (6.2) 73.7 2.97 
88.1 (13.3) 81.4 (13.8) 75.3 013.77 
80.0 14.0 77.0 (10.0) 67.9 (12.3) 
75.6 (14.2) 7L (13.2) 69.7 (13.4) 

773.0 7.7 3A) 8.5 (3.4) 
7.9 (3.0) 7.9 (2.7) 8.4 (2.9) 
8.2 (2.9) 8.4 (2.9) 9.1 GA 
7.6 (3.3) 8.1 G.2) 9.4 (3.2) 

2570 (520) 2520 (410) 1960 (360) 

2650 (440) 2240 (360)* 2020 (540) 


2090 (420 
1970 (560) 


2000 (370) 
1810 (550) 


1640 (470) 
1710 (500) 


48.9 (8.4) 46.8 (9.3) 23.5 (9.9% 
48.9 (11.5) 33.7 (12.4) ** 25.1 (11.29% 
31.9 (9.9) 32.1 (8.4) 11.0 (6.1) 
33.2 (12.7) 22.2 (7.8) ** 16.9 (6.37 * 
296 (60) 304 (60) 267 (65) 
288 (48) 275 (60) 281 (63) 
256 (46) 262 (44) 236 (33) 
250 (68) 244 (66) 229 (58) 
200 (36) 190 (36) 148 (33) 
198 (48) 174 (45) 143 (41)' 
160 (39) 155 (39) 120 (33)" 
170 (41) 163 (44) 124 (33) 
13.5 (2.0) 13.1 (2.3) 9,2 (2.2)' 
13.2 (2.3) 12.3 (2.5) 9.3 (2.2) 
10.5 (2.1) 10.1 (1.9) 7.7 (1.99 
10.9 (2.3) 10.5 (2.4) 7.5 (2.0) 





ischaemia caused no significant changes in myocardial 
function after reperfusion compared with those without 
sevoflurane treatment. In contrast, in CLP rats, exposure of 
2% sevoflurane for 15 min caused a significant depression of 
CO without changes in LVDP, dP/dfmax. or HR (Table 2). 
Both coronary blood flow and mVO» were preserved during 
sevoflurane exposure as observed in the Sham group. After 
reperfusion, sevoflurane treatment minimized the depres- 
sion of CO compared with CLP/CONT group. Other 
parameters of myocardial function in the SEVO subgroup 
showed comparable changes with the CONT group. 
Simultaneously, coronary blood flow and mVo, were not 
significantly different between the two subgroups, whereas 
they were decreased from baseline in both subgroups. 
Collectively, the data suggest that sevoflurane modified 
neither mVO> nor coronary blood flow of septic hearts after 
reperfusion. 

There was no significant difference in the incidence of 
reperfusion arrhythmia between the sevoflurane-treated and 
-untreated rats (25 vs 10%) in the Sham group. In contrast, 
in CLP rats this was significantly reduced with sevoflurane 
treatment compared with non-treated rats (8 vs 32%, 
respectively, P=0.027). Figure 3 shows the differences in 
cardiac work, mVo, and cardiac efficiency with or without 
sevoflurane treatment in the Sham and CLP groups during 
the post-reperfusion period. All parameters in the CLP 
group, but not mVo, with sevoflurane treatment, were 
significantly lower than those in the Sham group. Both 


cardiac work and mVO» were not different irrespective of 
the presence of sevoflurane in the Sham or CLP groups. 
However, sevoflurane provided better cardiac efficiency, 
that is, more efficient oxygen utilization to cardiac work, in 
the CLP group, whereas this was not significantly different 
between sevoflurane-treated and -untreated animals in the 
Sham group. 


Changes in myocardial high-energy phosphates 


The effects of sepsis and a brief period of sevoflurane 
exposure on myocardial high-energy phosphates were 
examined at the end of the study procedure (Table 3). 
Myocardial high-energy phosphates such as ATP, ADP, and 
AMP were not modulated significantly by CLP or 
sevoflurane exposure during the post-reperfusion period. 


Discussion 

The present study indicates that brief exposure to 2% 
sevoflurane before ischaemic insult to induce ‘myocardial 
stunning’ provides protective effects in sepsis. Although 
such effects of sevoflurane were obvious in the preservation 
of CO, this parameter, consisting of both contractility and 
heart rate, was likely to represent myocardial performance 
rather than LVDP or dP/dt per se under a constant afterload. 
In addition, cardiac efficiency was better preserved after 
reperfusion in sevoflurane-treated vs -untreated septic hearts 
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Fig 3 Effects of sevoflurane treatment on myocardial function in an isolated working heart in both Sham and CLP groups during the post-reperfusion 
period. Abbreviations: Sham, Sham group; CLP, caecal-ligation and perforation group; mVO>, myocardial oxygen consumption. Cardiac efficiency. the 
ratio of cardiac work, the product of COXLVPSP, to mVoy. Significance: 'P<0.05 vs Sham group, *P<0.05 vs sevoflurane untreated suberoup 


Table 3 Myocardial high-energy phosphate contents at the end of reperfusion, Data were standardized as umol (g wet-tissue weight) ' 


(SD). Abbreviations: CONT, no treatment: SEVO, sevoflurane treatment 


Group Subgroup ATP 

Sham CONT 0.51 (0.15) 
SEVO 0.54 (0.35) 

CLP CONT 0.45 (0.17) 
SEVO 0.41 (0.23) 


(Fig. 3). Thus, sevoflurane treatment improved oxygen 
utilization of myocardium to achieve a certain level of 
cardiac work after brief ischaemia in septic hearts. Another 
important finding of the present study was that sevoflurane 
pre-treatment reduced the incidence of reperfusion arrhyth- 
mia in septic hearts perfused in a working mode. Therefore, 
sevoflurane treatment preserves not only contractility but 
also other profiles of myocardial function including 
electrical conductance in septic hearts after ischaemia 
and reperfusion through the improvement of oxygen 
metabolism. 

Whilst previous studies showed that exposure to volatile 
anaesthetics protected healthy myocardium from prolonged 
‘irreversible’ ischaemia by assessing the reduction of infarct 
size, there were conflicting results as to whether similar 
profiles could be given to ‘reversible’ myocardial injury. that 
is stunned myocardium.’ *! Indeed, sevoflurane treatment in 
this experimental condition did not show any cardiopro- 
tective properties against ischaemia-reperfusion injury in 
healthy hearts. There are several possibilities to account for 
such a discrepancy between the present and previous studies. 
First, sevoflurane concentration might not be high enough to 
obtain its preconditioning-like effects in healthy hearts. 
Previous studies demonstrated that the minimum alveolar 
concentration (MAC) of sevoflurane was significantly 
reduced from 2.4 to 1.35% level in a porcine model of 
sepsis.” Another study using the same CLP-rat model also 
showed that the MAC required for isoflurane was lowered to 


and expressed as mear 





CrP 





ADP AMP 

0.90 (0.46) 0.56 (0.35) 0.87 (0.58) 
0.72 (0.20) 0.51 (0.27) 0.70 (0.51 
0.72 (0.21) 0.54 (0.21) 1.43 (0.94) 
0.65 (0.13) 0.48 (0.18) 0.51 (0.42 





a similar extent.” Given these findings, it is not unreason 
able to consider that the potency of anaesthetics on the 
isolated myocardium is different between the Sham and CLP 
groups. If equipotent sevoflurane doses were given to each 
group, this might have protected the healthy heart from 
ischaemia—reperfusion injury to cause stunned myocardium. 
Indeed, it should be noted that there are conflicting results, 
possibly caused by different concentrations of anaesthetic 
agents exposed at different time periods among previous 
studies,° ? 7425 Secondly, sevoflurane anaesthesia for the 
excision of hearts might have already provided precondi- 
tioning-like effects even in the control hearts. Although 
sevoflurane is much less likely to remain in situ after 
reperfusion compared with other anaesthetics because of its 
lower blood-gas solubility,”° this possibility could not be 
fully excluded. On the other hand, the study design to 
terminate sevoflurane treatment during the reperfusion 
period could have modified its cardioprotective effects in 
healthy hearts. Thirdly, ischaemic insults to evoke a stunned 
myocardium in the present study might not be severe enough 
to show distinct protective effects of sevoflurane in health 
where myocardial reserve is more sufficient than in sepsis.’ 
In other words, if a longer period of ischaemia was applied to 
this model, protection might have been unmasked 
Furthermore, hypothermic global ischaemia as we applied 
could be another factor to reduce the severity of the 
ischaemia—reperfusion injury compared with normothermic 
ischaemia as described elsewhere.'° 7 
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Despite the instability of this septic challenge, the CLP 
model with fluid resuscitation has been considered most 
relevant to the early stage of sepsis, concomitantly obviating 
confounding factors like hypotension.'* 1427 Ty accordance 
with these findings, we found no significant elevation of 
arterial lactate 24 h after CLP, indicating that tissue hypoxia 
was not evident in this model of sepsis. Even under such 
conditions, both myocardial contractility, expressed as 
LVDP, dP/dtmax and CO, and heart rate in the CLP group 
were significantly lower compared with the Sham group at 
baseline (Table 1), suggesting that not only inotropic but 
also chronotropic properties synergistically serve in the 
development of myocardial dysfunction in sepsis. However, 
it should also be noted that CO was significantly depressed 
in the early stage of sepsis under a constant afterload in this 
isolated preparation. Furthermore, the present study shows 
that mVo is significantly depressed ex vivo with the 
reduction in coronary flows and CO (Table 1) whereas it is 
unknown whether mVo, in the hyperdynamic state of sepsis 
is indeed augmented or not. A previous study demonstrated 
that pro-inflammatory cytokines, released in sepsis, de- 
pressed myocardial function accompanied by reduction of 
mVo, through nitric oxide-dependent mechanisms. '® 
Further investigations are required to clarify this issue. 

Neither CLP nor sevoflurane exposure appears to modify 
myocardial energy levels, indicating that improved high- 
energy phosphate contents were not singularly important 
determinants of post-ischaemic ventricular function. 
Support for this contention was provided by previous 
studies, which demonstrated the dissociation between 
ventricular function and ATP levels in post-ischaemic 
hearts.°*?° Some investigations showed that myocardial 
high-energy phosphates content correlated neither with 
myocardial dysfunction in sepsis nor with cardioprotection 
by ischaemic preconditioning“? * ' Collectively, one possi- 
bility could be raised that the significant reduction in CO, 
accompanied by depressed mVOp, resulted in stored high- 
energy phosphates in the CLP group more than those in the 
Sham group, subsequently preserving the amount of ATP 
contents in the CLP group. Furthermore, both a reduction of 
cardiac efficiency and no changes of myocardial high- 
energy phosphates in the CLP group, indicates a possibility 
that sepsis reduces the ability of the myocardium to utilize 
high-energy phosphates for contractile work, but not inhibit 
mitochondrial respiration. Nevertheless, the current results 
provide evidence that energy utilization in the septic heart is 
augmented with treatment of sevoflurane before ischaemia. 

There are several limitations to this study. First, despite a 
physiologically correct direction of perfusion, the isolated 
working model limits the evaluation of data regarding 
myocardial function in sepsis. For example, humoral factors 
like cytokines and circulating inflammatory cells such as 
leukocytes or platelets, both of which play consequential 
roles in the development of sepsis, are excluded from the 
perfusion medium in this study design. Furthermore, 
because of constant afterload and depressed contractility. 


the augmentation of CO observed in this early stage of 
sepsis was not found during the baseline period. Secondly, it 
could be argued that myocardial function could be evaluated 
more accurately if the heart rates were kept constant. 
Contrary to Langendorff mode, however, sufficient heart 
rate could be obtained in an isolated working heart because 
of perfusion to left atrium as described previously.’ In 
addition, under pacing conditions this model could lose the 
effects of sevoflurane on heart rates, subsequently modify- 
ing CO. Finally, the isolation procedure per se may be able 
to ischaemic-precondition the heart, possibly modifying the 
outcome. However, as we performed the study in the same 
manner by a single investigator in random, we believe that 
the data were comparable at least between the groups. 

In conclusion, the current study shows that sevoflurane 
provides protective effects, in septic but not healthy hearts, 
against brief ischaemic insults through the improvement of 
myocardial oxygen utilization. Further investigation is 
warranted to elucidate whether other anaesthetic precondi- 
tioning protects the myocardium against brief or prolonged 
period of ischaemia ‘in diseased hosts’. 
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Parkinson’s disease Is an increasingly common disease of elderly patients who present a particu- 
lar anaesthetic challenge. This review explores the epidemiology, aetiology, pathogenesis, and 
pathophysiology of the condition, particularly the possible role of genetic factors. The clinical 
features are described In detail and recent advances in medical management are highlighted. 
Controversies surrounding the use of the newer drugs and possible advances in neurosurgical 
Interventions are discussed. Particular anaesthetic problems in patients with Parkinson’s disease 
are respiratory, cardiovascular, and neurological. Potential drug interactions are described and 
recommendations are made about suitable anaesthetic techniques. 
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Involuntary tremulous motion, with lessened muscular 
power, in parts not in actions and even when supported; 
with a propensity to bend the trunk forward, and to pass 
from a walking to a running pace: the senses being 
uninjured. 

James Parkinson, 1817. 


Parkinson’s disease has been known since biblical times, 
but it was only in the nineteenth century that the syndrome 
was formally described by James Parkinson and termed ‘the 
shaking palsy’.*” In 1879, Charcot noted additional features 
including autonomic dysfunction." The association 
between the substantia nigra and Parkinson’s disease was 
discovered in 1893, but it was only in the latter half of the 
twentieth century that the neuropathological and neuro- 
chemical characteristics of the disease were elucidated and 
logical treatment strategies devised.° 1°19 1% 

Although the aetiology of Parkinson’s disease is un- 
known, age has been identified as the most consistent risk 
factor; Parkinson’s disease affects approximately 3% of the 
population over 66 yr of age.”© Parkinson’s disease is an 
important cause of perioperative morbidity and, with an 
increasingly elderly population, it will be encountered with 
greater frequency in surgical patients. Drugs used in 
anaesthesia may interact with anti-parkinsonian medication 


and there is contréversy about the optimal anaesthetic 
management of patients with Parkinson’s disease. 


Epidemiology 

Parkinson’s disease occurs world wide, affecting all ethnic 
groups, with a very slight male preponderance. 1?’ The 
prevalence increases exponentially between 65 and 90 yr; 
approximately 0.3% of the general population and 3% of 
people over 65 yr have it.” The EUROPARKINSON study 
found an overall prevalence of 2.3% for parkinsonism and 
1.6% for Parkinson’s disease in a survey of 14 636 
participants aged over 65 yr in five European countries.’ 
As many as 24% of the subjects with Parkinson’s disease 
were newly diagnosed at the time of the study. This 
highlights the difficulty of diagnosis and emphasizes that 
many elderly hospital patients may have undiagnosed 
Parkinson’s disease. However, a recent study of more 
than 120000 patients in London general practices 
suggested the incidence was considerably less." Five to 
ten per cent of patients have symptoms before the age of 
40 yr (so-called young-onset Parkinson’s disease). The 
lowest reported incidence is among Asians and African 
blacks and the highest is amongst whites. The disease was 
first formally described during the Industrial Revolution, 
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suggesting that exogenous toxins may have a causative role, 
but descriptions of conditions resembling Parkinson’s 
disease are found in literature dating back thousands of 
years BC. 


Aetiology 


The syndrome of parkinsonism (clinical conditions which 
resemble idiopathic Parkinson’s disease) may have a 
number of different causes such as arteriosclerosis, diffuse 
central nervous system degenerative disease, repeated head 
trauma, tumour, metabolic defects such as Wilson’s disease, 
heavy metal, or carbon monoxide poisoning. Drug-induced 
parkinsonism results from dopamine receptor block by 
drugs such as phenothiazines, butyrophenones, and meto- 
clopramide. The observation of parkinsonian symptoms in 
heroin addicts who accidentally used 1-methyl-4-phenyl- 
1,2,5,6-tetrahydropyridine (MPTP), a pethidine analogue, 
has led to the development of a useful animal model for 
the syndrome.°? An epidemic of encephalitis lethargica in 
the 1920s was responsible for an outbreak of early onset 
parkinsonism with associated severe rigidity and respiratory 
complications. 

Although the aetiology of Parkinson’s disease is un- 
known, it has long been hypothesized that neurodegener- 
ation is induced by genetic, environmental, or infectious 
disorders. Age is the single most consistent risk factor and it 
has been estimated that there is a cumulative lifetime risk of 
one in 40 for developing Parkinson’s disease.!© Loss of 
pigmented cells in the substantia nigra 1s the most consistent 
finding in Parkinson’s disease and normally the quantity of 
nigral cells diminishes from 425 000 to 200 000 at 80 yr. In 
Parkinson’s disease, the substantia nigra shows marked 
depletion of cells (<100 000) with replacement gliosis. In 
addition, tyrosine B-hydroxylase, the rate-limiting step in 
dopamine synthesis, also diminishes. The remaining cells 
contain the highly characteristic eosinophilic Lewy bodies. 

_ However, the pattern of migral cell loss in Parkinson’s 
disease differs from that due to normal ageing. In 
Parkinson’s disease, cell loss is predominantly from the 
ventrolateral: tier of the substantia nigra, but this region is 
relatively spared in normal subjects.” Furthermore, if 
ageing is the primary mechanism that accounts for the 
time course of functional decline, it does not adequately 
explain the huge inter-individual variability in rates of 
clinical progression of the disease.*' 18 

After ageing, a family history is the strongest T of 
an increased risk of developing the disease, although the 
role of a common environment must also be considered. $ 
Relatively high rates of concordance have been identified 
amongst monozygotic twins, when one twin had young- 
onset disease." Most of the available evidence supports an 
autosomal dominant inheritance of the disease, but many 
patients ‘do not show this pattern of inheritance. This may 
reflect the fact that the causative genes have low penetrance 
or that the disease is multifactorial. To date, the identifica- 


tion of genes involved in the dopaminergic system has 
proved disappointing. The discovery of two distinct 
mutations in the o-synuclein gene (SNCA) located on 
chromosome 4q appeared to be a major breakthrough.” ”° 
Alpha-synuclein is a highly conserved, abundant 140 amino 
acid protein of unknown function that is expressed mainly in 
presynaptic nerve terminals in the brain.” It appears to be a 
major component of Lewy bodies, the hallmark intracyto- 
plasmic eosinophilic inclusion bodies, and its occurrence in 
Parkinson’s disease suggests that this disease also belongs 
to those conditions, such as Alzheimer’s, attributable to 
toxic protein aggregation.“ Mutations in &-synuclein were 
reported in a number of unrelated families with a strong 
family history of Parkinson’s disease, but several studies 
have failed to locate this genetic defect in other famılies 
or in sporadic cases, suggesting that Parkinson’s disease 
is only rarely caused by such defects. Sumularly, 
attempts to implicate the detoxifying enzymes, debrisoquine 
4-hydroxylase (CYP2D6) or N-acetyltranferase 2, in 
the pathogenesis of Parkinson’s disease have been 
inconclusive." 1°” 

Parkinson’s disease was first described during the indus- 
trial revolution suggesting that environmental toxins may 
play a role in its pathogenesis. The discovery of MPTP- 
induced parkinsonism lends further weight to this theory.°? 
A rural environment has been associated with an increased 
risk of developing Parkinson’s disease, suggesting that 
agents such as herbicides or pesticides may have an 
aetiological role, although this is limited to approximately 
10% of patients with Parkinson’s disease.'!> Cigarette 
smoking has been shown consistently to reduce the nsk of 
developing Parkinson’s disease,” ™? although this may be 
restricted to those with a relatively young age at onset of the 
disease.!*” This effect has been attributed to inhibition of 
monoamine oxidase type B by products of tobacco 
combustion. Evidence linking dietary factors to 
Parkinson’s disease is inconclusive, although one study 
has shown a lower vitamin E intake in patients with 
Parkinson’s disease compared with controls. +° 

Overall, most cases of Parkinson’s disease are likely to 
result from a combination of genetic and environmental 
factors and these differ between individuals. Gerietic 
mutations may predispose patients to develop Parkinson’s 
disease if combined with other gene mutations or environ- 
mental factors.’ 


Pathogenesis 
Parkinson’s disease is characterized by the progressive 


death of selected, but heterogeneous, populations of ` 


neurones, including those dopaminergic neurones of the 
pars compacta of the substantia nigra. The precise mechan- 
isms responsible for cell death are largely unknown and may 
be due to mitochondrial dysfunction, oxidative stress, the 
actions of excitotoxins with excess nitric oxide formation, 
deficient neurotrophic support, or immune mechanisms.” 
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Fig 1 Normal motor control (reproduced with permission).*® 


Although still controversial, the final common pathway 
appears to be the induction of apoptosis in nigral 
dopaminergic neurones.' * 

Mitochondrial dysfunction and oxidative metabolism are 
major components of many current theories in Parkinson’s 
disease. MPTP toxicity is due to inhibition of complex-1 of 
the mitochondrial electron transport chain, leading to lack of 
ATP and cell death. In Parkinson’s disease, there is a 
30-40% decrease in complex-1 activity in the substantia 
nigra pars compacta which may contribute to energy failure 
and hence predispose the pars compacta to toxic insults and 
increase its susceptibility to cell death.®® Oxidative stress 
may be caused by an increase in the number of reactive 
species including hydrogen ions, superoxide, peroxyl 
radicals, nitric oxide, and hydroxyl radicals. These react 
with proteins, lipids, and nucleic acids altering their 
structure and function and causing cellular damage. 
Indeed, the metabolism of exogenous dopamine can also 
produce a number of toxic products and this knowledge 
prompted the concern that treatment of Parkinson’s disease 
with L-DOPA may hasten the death of neurones in the 
substantia nigra pars compacta.’ However, data about the 
potential toxicity of L-DOPA are conflicting and are not 
supported by clinical evidence. !% 

Other factors, which have been implicated in the 
pathogenesis of Parkinson’s disease, include persistent 
activation of glutaminergic N-methyl-D-aspartate (NMDA) 
receptors resulting ın increased intracellular concentrations 
of Ca**. This leads to the activation of proteases, 
endonucleases, phospholipases, and nitric oxide synthetase, 
which in turn generate reactive nitric oxide free radicals, 
release of iron from ferritin, and lipid peroxidation.*’ 


Normal motor control 







Brain stem 


Neurotrophic factors are important in neuronal function and 
inadequate concentrations cause apoptotic cell death. Both 
glial-derived neurotrophic factor (GDNF) and brain-derived 
neurotrophic factor (BDNF) are potent protective and 
regenerative agents, and animal studies have suggested 
that these may be deficient in Parkinson’s disease leading to 
degeneration of dopaminergic cells. Finally, immune 
factors may also contribute to neuronal cell loss. Increased 
concentrations of cytokines are found in the substantia nigra 
as the disease progresses, but it is unclear whether their role 
is primary or secondary. !?* 


Pathophysiology 

The basal ganglia refers to the areas of basal forebrain and 
midbrain known to be involved in the control of movement. 
They include the striatum, mainly comprising the caudate 
and putamen, the globus pallidus, the subthalamic nucleus, 
and the main pigmented component of the substantia nigra 
known as the pars compacta.© The clinically important 
motor circuit originates in the sensorimotor cortex and 
terminates in the supplementary motor area. The middle part 
of the loop divides into two pathways from striatum to 
thalamus. There is a one station direct pathway via the 
internal part of the pallidum and a three station indirect 
pathway via the external globus pallidus, the subthalamic 
nucleus and the internal globus pallidus. Hence, the internal 
globus pallidus is common to both pathways (Fig. 1).°° The 
nigrostriatal pathway projects from the substantia nigra pars 
compacta to the striatum, where it makes two kinds of 
synapses on the projection neurones. Those upon direct 
pathway neurones are facilitatory via dopaminergic type 1 
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Fig 2 Dysfunctional control in Parkinsonism (reproduced with permission)" 


(D1) receptors on the dendritic spines, and those upon 
indirect pathway neurones are inhibitory via D2 receptors. 
Cholinergic internuncial neurones are excitatory to projec- 
tion neurones and are inhibited by dopamine. In Parkinson’s 
disease, acetylcholine is present in normal amounts in the 
striatum. However, dopamine deficiency produces imbal- 
ance in the dopamine:acetylcholine ratio, thereby aggravat- 
ing the symptoms of Parkinson’s disease. A healthy 
substantia nigra is tonically active, favouring activity in 
the direct pathway. Facilitation of the direct pathway is 
necessary for the supplementary motor cortex to become 
active before and during movements. 

Parkinson’s disease is characterized by a loss of 
dopaminergic neurones in the substantia nigra of the basal 
ganglia (Fig. 2). A decrease in dopamine production 
results in facilitation of the indirect pathway because of a 
lack of D1 facilitation of the direct pathway and of D2 
inhibition of the indirect pathway. This dopamine deficient 
state is associated with increased activity of inhibitory 
nuclei in the basal ganglia (using the neurotransmitter 
‘y-aminobutyric acid (GABA)), eventually leading to exces- 
sive inhibition, and effectively to a shutdown, of the 
thalamic and brainstem nuclei that receive the outflow from 
the basal ganglia. Excessive thalamic inhibition results in 
suppression of the cortical motor system with akinesia, 
rigidity and tremor, while inhibition of brainstem locomotor 
areas may contribute to abnormalities of posture and gait. 


Diagnosis and clinical features 


Parkinson’s disease comprises a classical triad of resting 
tremor, muscle rigidity, and bradykinesia, with, in addition, 
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loss of postural refiexes.°” The clinical signs can remain 
surprisingly unilateral until the disease is well advanced.°! 
Diagnostic difficulty arises because the clinical features 
may be subtle early in the disease and alternative diagnoses 
such as arthritis or depression may be considered until the 
disease progresses. One of the most prominent figures of the 
twentieth century, Adolf Hitler, suffered from idiopathic 
Parkinson’s disease, which was largely unnoticed despite 
innumerable public appearances.*° Furthermore, the clas- 
sical clinical features are not exclusive to Parkinson’s 
disease but may be exhibited in other, ‘parkinsonian’, 
syndromes. The primary process that yields the parkinso- 
nian phenotype is depigmentation of the pars compacta in 
the substantia nigra and loss of dopaminergic neurones, 
which terminate in the basal ganglia. Therefore, conditions 
that affect the brainstem, or disrupt the dopaminergic 
pathway, or affect the basal ganglha, can present with 
parkinsonian features. Such conditions include cerebro- 
vascular disease, neoplasia, repeated head trauma and 
metabolic defects such as Wilson’s disease, heavy metal 
or carbon monoxide poisoning, and other neurodegenerative 
conditions.” Neurodegenerative parkinsonian syndromes 
may be associated with more extensive pathology in the 
brain and brainstem, and often have additional clinical 
features that may be collectively termed ‘Parkinson-plus’ 
syndromes. These conditions include progressive supra- 
nuclear palsy (PSP) with progressive restriction of vertical 
eye movements, !”° corticobasal degeneration with pro- 
gressive limb stiffness, clumsiness, weakness, apraxia, and 
alien limb phenomenon,’'° }”* multiple system atrophy” 
embracing olivopontocerebellar atrophy,?” striatonigral 
degeneration'** and Shy—-Drager syndrome,'!’ and diffuse 
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Lewy body disease characterized by early dementia and 
hallucinations. There is no specific test to confirm 
Parkinson’s disease, the diagnosis is made mainly on 
clinical grounds. Magnetic resonance imaging of the brain 
is usually normal in Parkinson’s disease but may be useful 
in demonstrating cerebrovascular disease or widespread 
brainstem atrophy in other neurodegenerative disorders. +! 
Autonomic dysfunction is common in parkinsonian dis- 
orders and is often present earlier and more severely in the 
‘Parkinson-plus’ syndromes. Sphincter electromyography, 
reflecting degeneration of Onuf’s nucleus, has been shown 
to be a useful test to distinguish Parkinson’s disease from 
multiple system atrophy or psp, 13° 

In autopsy studies, the final diagnosis of Parkinson’s 
disease was incorrect in over 20% of cases.*” 1° However, a 
more recent study reported that 8% of untreated patients 
who had been diagnosed early with Parkinson’s disease had 
a different diagnosis after 7 yr follow-up.*° The features that 
are particularly characteristic of idiopathic Parkinson’s 
disease are asymmetry of symptoms (especially tremor) and 
a good response to L-DOPA;°’ over 90% of patients have a 
good response to L-DOPA early in the disease. L-DOPA is 
usually so effective in ameliorating the symptoms of 
Parkinson’s disease that a poor response demands con- 
sideration of alternative diagnoses. L-DOPA is the most 
effective treatment for Parkinson’s disease and patients may 
have very little disability for the first few years of the 
disease; falls are also relatively infrequent during this phase. 
However, as Parkinson’s disease progresses, other features 
appear and patients may complain of fluctuations in motor 
ability, cognitive impairment and depression.*° '!° The later 
clinical features may reflect progression of the underlying 
neurodegenerative process beyond the nigrostriatal pathway 
to affect other brainstem, thalamic, or basal ganglia nuclei 
or complications of drug treatment, or both.“* Motor 
fluctuations in their simplest form are usually related to 
drug timing. Patients may notice that the effect of L-DOPA 
wears off about an hour before the next expected dose. The 
patient may change from a motor state characterized by 
fairly normal ability to move (termed the ‘on’ state) to one 
dominated by bradykinesia or akinesia, termed the ‘off’ 
state. The ‘off’ state does not reflect a return to untreated 
parkinsonism but probably a rebound worsening of the 
motor condition.’°! In addition, abnormal movements 
(termed ‘dyskinesias’) may occur in either state. ‘Off 
period dyskinesias tend to be fixed and dystonic, whereas 
‘on’ dyskinesias are thought to be related to peak levels of 
L-DOPA and are very mobile and choreiform. Occasionally, 
dyskinesias appear transiently after a dose of L-DOPA has 
been taken. Therefore, it is important to obtain a detailed 
history of dyskinesias related to the drug regimen to identify 
when during the L-DOPA cycle these events occur and 
whether they are related to wearing off, early or peak dose 
effects. 

The tremor of Parkinson’s disease is seen at rest, 
oscillates at about 4-6 Hz, has a characteristic ‘pill rolling’ 


quality, and ceases at the onset of movement.” The tremor 
becomes less marked with movement (unlike cerebellar 
tremors), but may be postural (brought out for example by 
holding a cup and saucer) like essential tremor. However, 
essential tremor may be differentiated as it is autosomal 
dominant, often improved by alcohol and not associated 
with other parkinsonian features.*?™ Parkinsonian tremor 
can be brought out by relaxing the patient’s arm and asking 
them to count back from 100, subtracting seven each time. 
Testing finger-nose (or heel-shin) co-ordination emphasizes 
that the tremor is present mainly at rest. Rigidity often 
accompanies the tremor, giving it a ‘cogwheeling’ feel.” ®' 
The best movements to test are flexion-extension at the 
elbow and wrist. Bradykinesia is a paucity of movement. 
The movements appear slow and there is a reduction in the 
amplitude of the finger excursions.' In addition to slowness 
of finger movements, handwriting is affected with micro- 
graphia an easily elicitable feature.” Facial expression may 
be affected giving nse to a characteristic, expressionless 
face. Parkinsonian patients may also demonstrate a variety 
of primitive reflexes including the glabellar tap sign.!*! 

Clinical examination must include an assessment of 
posture and gait. The patient may have a slightly flexed 
posture. If the patient is asked to stand with their eyes shut 
and the examiner perturbs their equilibrium by a gentle 
push, either backwards or forwards (ensuring that the patient 
does not fall and hurt themselves), the patient may take 
several steps either backwards (retropulsion) or forwards 
(propulsion) before regaining their balance. This is 
because the postural reflexes are abnormal in Parkinson’s 
disease.!! 1?” About 80% of patients with Parkinson’s 
disease experience gait hypokinesia at some stage of the 
disease.®° In addition, gait initiation failure and freezing are 
common. If initiation of gait is impaired, the patient may 
lean forward to start moving. The gait comprises small 
steps, which may become more and more rapid (festination) 
and there may be reduced arm swing. Lack of arm swing on 
the same side as the tremor is very characteristic. Later in 
the disease, freezing of gait may become a major prob- 
lem.”! 7? Patients often have difficulty turning and will tum 
taking many small shuffling steps on the spot.®° 

Examination of eye movements is very helpful in 
differentiating idiopathic Parkinson’s disease from other 
parkinsonian conditions. Parkinson’s disease patients may 
show slowness of initiation of voluntary saccades and 
jerkiness of pursuit movements.'* *” However, markedly 
increased latency of voluntary saccades, or restriction and 
slowing of vertical eye movements with limitation of 
voluntary up and down gaze, suggests an alternative cause 
for parkinsonism such as corticobasal degeneration or 
psp. '28 

Dysautonomia is often a feature of Parkinson’s disease 
and other parkinsonian syndromes.'® Patients with 
Parkinson’s disease may suffer from orthostatic hypoten- 
sion, urinary dysfunction and sleep disorders. Therefore, 
clinical assessment should include an assessment of these 
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problems with measurement of arterial pressure lying, and 
standing, as there may be marked postural fluctuations. 


Treatment of Parkinson’s disease 


Drug therapy 


The aim of treatment of Parkinson’s disease is to enable the 
patient to pursue a normal active lifestyle. The mainstay of 
treatment is drug therapy using L-DOPA or dopamine 
receptor agonists. The crucial factor is to educate the patient 
about the disease and how the drugs are likely to affect 
them. With guidance, patients can usually adapt a regimen 
to suit their particular lifestyle. The result may be that they 
take drugs at apparently peculiar times. A common scenario 
is that a patient’s finely tuned drug regimen is thrown into 
disarray on admission to hospital when the drug timings are 
forced into the available boxes’on the drug card. It is very 
important to record the exact times when a patient’s drugs 
are due, and to try to reproduce these as far as practicable in 
hospital. 


L-DOPA and dopamine agonists 


The main deficit in Parkinson’s disease is lack of avail- 
ability of dopamine in the basal ganglia, so the logical 
treatment is to replace this with exogenous dopamine or 
stimulate the same receptors as endogenous dopamine. It is 
widely considered that the best treatment for Parkinson’s 
disease is L-DOPA, a prodrug, which is converted to 
dopamine in the brain.“4°© L-DOPA is administered in 
combination with a peripheral DOPA decarboxylase 
inhibitor to minimize peripheral dopamine side-effects. 
The alternative approach is to use dopamine agonists. 
Although these drugs may be very helpful in early 
Parkinson’s disease, the effect is not sustained and patients 
often require combination therapy with L-DOPA as the 
disease progresses.” Dopamine agonists include bromo- 
criptine,”* ropinirole,** pergolide,’ pramipexole,® 77 and 
cabergoline.'!' Each agonist is effective in improving motor 
function in Parkinson's disease.!”° The main controversy in 
deciding whether to start treatment with L-DOPA or a 
dopamine agonist stems from the observation that initial use 
of L-DOPA may produce early dyskinesias. As L-DOPA has 
a short half-life (30-60 min), dopamine receptors are 
subject to phasic stimulation rather than the tonic stimula- 
tion that is thought to occur in normal basal ganglia 
function.'*° The mechanism of generation of dyskinesia is 
poorly understood but it is possible that the onset of 
dyskinesias is related to the short half-life of L-DOPA in the 
striatum.** © A recent clinical trial confirmed that using a 
dopamine agonist before starting L-DOPA delayed the onset 
of dyskinesias,!™ yet L-DOPA remains the most effective 
agent for relieving symptoms and signs of Parkinson’s 
disease.’!* The debate continues about whether to start 
treatment with a dopamine agonist or L-DOPA;’® 1? in 


younger patients, a dopamine agonist is tried first and then 
L-DOPA is added, if necessary." 

Apomorphine is a short-acting dopamine agonist that is 
administered subcutaneously, or sometimes sublingually or 
intranasally. An important side-effect is nausea and 
vomiting, but with the concurrent use of domperidone it 
may be well tolerated.® It is particularly useful adminis- 
tered as an infusion to smooth out motor fluctuations or 
rescue patients from ‘off periods.” It ıs not widely 
available, as expertise supervising the use of infusion 
pumps is essential. 


Monoamine oxide inhibitors 


The type B monoamine oxidase inhibitor, selegiline is also 
used to treat Parkinson’s disease and it prolongs the action 
of dopamine in the striatum. Selegiline improves the 
symptoms of Parkinson’s disease but in addition there was 
a suggestion in the Deprenyl and Tocopherol Antioxidative 
Therapy of Parkinsonism (DATATOP) study,” 1% that it 
may retard progression of the disease independent of its 
symptomatic effect and exert a neuroprotective effect.°° The 
subsequent enthusiasm for selegiline was tempered in the 
UK by the publication of a report suggesting that, in 
combination with L-DOPA, it was associated with a 60% 
increased mortality compared with L-DOPA treatment 
alone.®* However, the open labelled tral design, the large 
number of patients who withdrew from their original 
treatment assignment, the high mortality in both treatment 
groups, and the fact that no previous trial had demonstrated 
selegiline toxicity, made interpretation of the UK trial 
difficult.” There was no increase in mortality associated 
with selegiline in the DATATOP study.™ A meta-analysis 
of trials of selegiline did not confirm an excess of deaths in 
selegiline-treated patients”! and a recent case-controlled 
study reported that Parkinson’s disease patients had a higher 
mortality compared with age-matched controls, but that 
mortality was not significantly increased by taking selegi- 
line.”° The role of selegiline in treating Parkinson’s disease 
remains controversial.* 


Alternative therapies 


Within 5 yr of starting therapy for Parkinson’s disease, half 
to two-thirds of patients will experience fluctuations in their 
motor symptoms.” With continued therapy, these fluctu- 
ations become more dependent on the plasma concentration 
of levodopa.?8 To ameliorate the fluctuations, the circulat- 
ing dopamine concentration must be stabilized. This may be 
achieved by changing the dosing regimen or using a 
controlled release preparation of L-DOPA. Alternatively, a 
combination of L-DOPA and a dopamine agonist may be 
used. The agonist provides tonic dopamine receptor stimu- 
lation during the wearing off period. Another approach is to 
use catechol-O-methyl transferase (COMT) inhibitors, 
which inhibit the breakdown of dopamine in the periphery 
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and increase its bioavailability.28 Thus, COMT inhibitors 
may smooth out fluctuations in dopamine concentration 
which contribute to the wearing off, or on-off fluctuations, 
and improve the amount of ‘on’ time. The COMT inhibitors 
in common clinical use are tolcapone and entacapone. 
However, there is concern over tolcapone producing 
hepatotoxicity, ®° so entacapone is the preferred drug. If 
dyskinesias are very marked, amantadine may significantly 
diminish L-DOPA-induced dyskinesias.© Anticholinergic 
drugs such as benzhexol have limited efficacy and many 
side-effects, which limit their tolerability.!!® They may be 
useful in early disease to treat tremor (where bradykinesia is 
not a major problem). 


Surgical treatment 


An exciting development has been the advent of surgical 
treatment for Parkinson’s disease. Surgical procedures 
comprise deep brain stimulation, ablative lesions and cell 
transplantation. Deep brain stimulation has the advantage 
that it is reversible and adjustable. In Parkinson’s disease, 
the depletion of dopamine in the striatum leads to a series of 
changes in basal ganglia circuitry.®’ There is hyperactivity 
in the subthalamic nucleus, which is relayed as increased 
excitatory drive to the internal segment of the globus 
pallidus and thence as excessive inhibitory output to the 
thalamocortical motor projections (Fig. 2). This results in 
decreased cortical motor output manifested as bradykinesia. 
Chronic, deep-brain high-frequency stimulation mimics the 
effect of an ablative lesion. Pallidal stimulation has been 
reported to have a similar beneficial effect to pallidotomy. 
Subthalamic nucleus stimulation is the most promising 
surgical intervention for Parkinson’s disease. Several 
studies have reported marked improvements in rigidity, 
tremor and bradykinesia. Bilateral stimulation is possible 
with further improvement in parkinsonian features. 
Unilateral thalamotomy, or thalamic stimulation, provide 
effective treatment for contralateral tremor in 75-85% of 


patients. The procedure is relatively safe if performed’ 


unilaterally, Bilateral lesions may produce dysarthria and 
dysphagia as well as cognitive problems. Pallidotomy 
involves lesions to the globus pallidus internum, and is 
effective in reducing contralateral dyskinesia and contral- 
ateral ‘off’ symptoms. Lastly, transplantation of fetal 
mesencephalic tissue into the striatum of Parkinson’s 
disease patients has been reported to improve symptoms. 
Fetal grafts have been found to survive for several years and 
form synaptic connections. However, the technique is still 
experimental.*° 17 

Dopamine antagonist drugs, which may produce a 
parkinsonian syndrome or exacerbate the disease, must be 
avoided perioperatively. Metoclopramide is a surprisingly 
common cause of this problem. Treating postoperative 
confusion, or drug-induced psychosis, in Parkinson’s 
disease may be difficult. The introduction of ‘atypical’ 
antipsychotic drugs (which have much reduced parkin- 


sonian side-effects) has enabled the psychosis to be treated 
without exacerbating Parkinson’s disease. Clozapine has 
been shown to be particularly effective in this respect”? °° 
but causes fatal agranulocytosis in 1-2% of patients. 
Olazapine, risperidone and quetiapine are other antipsycho- 
tics which have been shown to be effective treatment for 
psychosis with fewer parkinsonian side-effects.'®?° Another 
method of managing a Parkinson’s disease patient with 
postoperative confusion is to use a benzodiazepine for 
sedation. Care must be taken to ensure that there is no 
respiratory depression, but this approach allows immediate 
control of the confusion while the cause (anaemia, infection, 
metabolic disturbance, etc.) is sought and treated. 


Anaesthetic considerations 


Patients with Parkinson’s disease most commonly present 
for urology, ophthalmological, or orthopaedic procedures, 
and elderly surgical patients may have undiagnosed 
Parkinson’s disease.®? Anaesthetic management is also 
required for pallidotomy, thalamotomy, or neuroaugmen- 
tive procedures. Apart from a routine history, physical 
examination, and preoperative testing, patients with 
Parkinson’s disease require additional assessment. Table 1 
summarizes the recommendations for the patient with 
Parkinson’s disease. 


Respiratory system 


Respiratory abnormalities have been noted in patients with 
Parkinson’s disease since its initial description in 1817 and 
respiratory complications, particularly aspiration pneumo- 
nia, are the most common causes of death in these 
patients.*’ An obstructive ventilatory pattern has been 
observed in up to one-third of patients with Parkinson’s 
disease, *°** but may also be due to co-existing chronic 
obstructive pulmonary disease.°® However, there is evid- 
ence that abnormal control and function of the upper airway 
may be responsible for the airflow limitation observed in 
extrapyramidal disorders.’ The intrinsic laryngeal mus- 
cles, and probably most of the other muscles surrounding 
the upper airway, are almost invariably involved in the 
involuntary movements characteristic of Parkinson’s 
disease. Upper airway dysfunction is an important factor 
in the retained secretions, atelectasis, aspiration, and 
respiratory infection, which are frequently seen in patients 
with Parkinson’s disease. Other potential complications 
include post-extubation laryngospasm and postoperative 
respiratory failure.**’ Sleep apnoea has been described in 
patients with post-encephalitic Parkinson’s disease, but is 
now rarely seen.*® 


Autonomic nervous system 


Autonomic manifestations in patients with Parkinson’s 
disease are rarely specific. Changes in various systemic 
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Table 1 Recommended assessment of the patent with Parkinson's disease”? 


System Assessment by history 


Tests 





Head and neck Pharyngeal muscle dysfunction 


Dysphagia 

Sialorrhoea 
Blepharospasm 
Respiratory 
movement of the respiratory muscles 


Cardiovascular Orthostatic hypotension 


Cardiac arrhythmias 
Hypertension 
Hypovolaemia 
Autonomic dysfunction 
Weight loss 

Poor nutrition 
Susceptibility to reflux 
Difficulty in mictuntion 
Abnormal glucose metabolism (selegiline) 
Muscle ngidity 

Muscle rigidity 
Alnnesia 


Tremor 


Confusion 


Depression 
Hallucinations 


Speech umpairment 


functions such as gastrointestinal, are common in old age 
and Parkinson’s disease, and data on their relative frequency 
and severity are not available. Moreover, they may also be 
iatrogenic as a result of the side-effects, of Parkinson’s 
disease medication or other drugs. It is an unanswerable 
question whether an autonomic symptom is a manifestation 
of age, disease or therapy, or any combination of these 
factors. Patients with Parkinson’s disease may complain of 
difficulty with salivation, micturition, and gastrointestinal 
function; some may also have defective cardiovascular 
control and temperature regulation. Seborrhoea, a classical 
feature of Parkinson’s disease, is also an autonomic 
manifestation of the disease.>! 


Cardiovascular system 


Cardiac arrhythmias and dependent oedema may occur, but 
the most disabling symptom is orthostatic hypotension.°° 
Postural hypotension was observed in patients before the 
start of L-DOPA therapy and was not associated with any 
abnormality of the cardiovascular response to a Valsalva 
manoeuvre. However, in evaluating orthostatic hypotension 
in patients with Parkinson’s disease, the role of medication 
must be considered. Several drugs for Parkinson’s disease 
may cause or exacerbate hypotension including L-DOPA 
acting through a central mechanism similar to alpha-~methyl 
DOPA, although before the use of decarboxylase inhibitors 
peripheral conversion to dopamine also contributed to its 


Respiratory impairment from ngidity, bradykinesia or uncoordmated involuntary 


Chest x-ray 


Pulmonary function tests 
Arterial blood gas analysis 
ECG 


Serum albumin/transfernn 
Skin test anergy 


Blood glucose concentration 


hypotensive effect. Direct-acting dopamine agonists, such 
as bromocriptine and lisuride, may precipitate hypotension 
by causing peripheral vasodilation. Finally, use of older 
antidepressants such as amitriptyline and other tricyclic 
antidepressants may cause orthostatic hypotension. 


Gastrointestinal function 


Disturbances of gastrointestinal function are probably the 
most common autonomic features in Parkinson’s disease. In 
his original monograph, James Parkinson wrote “The power 
of conveying food to the mouth is at length so much 
impeded that he is obliged to be fed by others. The bowels, 
which had been all along torpid, now, in most cases, demand 
stimulating medicines of very considerable power. . .”.”” 
Sialorrhoea is a common late manifestation of the disease 
but is probably due to reduced automatic swallowing and 
hence the poverty of motor movement rather than 
autonomic dysfunction. The amount of saliva produced is 
normal and the symptom responds to L-DOPA administra- 
tion. However, the use of antimuscarinic drugs increases the 
viscosity of saliva and further impairs swallowing. The 
pathogenesis of dysphagia and abnormalities of oesopha- 
geal function is unclear. However, the discovery of Lewy 
bodies in the oesophageal myenteric plexus of a patient who 
had achalasia, but no extra pyramidal symptoms, may 
provide some clues.” Constipation and mild weight loss are 
also common. 
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Anaesthesia in the patient with Parkinson’s 
disease 


General considerations 


The usual drug regimen should be administered as close to 
the beginning of anaesthesia as possible. L-DOPA can only 
be administered enterally and its half-life is short (1-3 h). It 
is absorbed from the proximal small bowel and, therefore, 
cannot be given as a suppository. Patients may self- 
administer additional L-DOPA, so it is important to find 
out exactly how much they are taking. 1% Furthermore, it is 
essential to ensure that patients do not miss medication 
doses postoperatively. Patients should be able to take 
L-DOPA either with sips of water or by nasogastric tube. 
Another strategy is to use subcutaneous administration of 
apomorphine. However, this is very emetogenic and 
patients usually need to take domperidone for several days 
before an apomorphine challenge. Nevertheless, small doses 
of apomorphine with sufficient antiemetic cover may be 
helpful. 

Regional anaesthesia has obvious advantages over 
general anaesthesia as it avoids the effects of general 
anaesthetics and neuromuscular blocking drugs, which may 
mask tremor. If sedation is required, diphenhydramine has 
been described as useful particularly for ophthalmic 
procedures. !*! Its central anticholinergic activity is advan- 
tageous for patients with Parkinson’s disease in whom 
tremor can render surgery difficult. With regional 
anaesthesia, postoperative nausea and vomiting, which 
may prevent resumption of oral intake, is also avoided. If 
general anaesthesia is required, it is worth noting that 
L-DOPA can be administered intraoperatively via a 
nasogastric tube.” Emergence from anaesthesia, even in 
healthy patients, is often marked by the transient appearance 
of a variety of what are otherwise considered to be 
pathological neurological reflexes, including hyperreactive 
stretch reflexes, ankle clonus, the Babinski reflex, and 
decerebrate posturing.''? Shivering is common after general 
anaesthesia and regional analgesia and, again, should be 
distinguished from parkinsonian symptoms. Rigidity after 
both high-dose” and lower-dose’’ fentanyl is also well 
described in normal patients. Patients with Parkinson’s 
disease are more prone to postoperative confusion and 
hallucinations.” 

Drugs that precipitate or exacerbate Parkinson’s disease 
should be avoided, including phenothiazines, butyro- 
phenones (including droperidol), and metoclopramide. 
The latter may cause drug-induced Parkinson’s disease. 
This is treated simply by drug withdrawal, but an obvious 
pitfall may be the misdiagnosis of idiopathic Parkinson’s 
disease and administration of L-DOPA.* Potential drug 
interactions must also be considered. Patients on MAOIs 
have long been a specific concern of anaesthetists, but with 
the widespread use of selegiline, a MAOI-B type inhibitor, 
the likelihood of having to anaesthetize a patient receiving a 


MAOI-A inhibitor is decreased. However, there are reports 
of agitation, muscle rigidity and hyperthermia in patients 
receiving meperidine and selegiline, so this combination 
should be avoided.'*° The use of potent non-steroidal anti- 
inflammatory agents has avoided the need for narcotic 
analgesics in patients on MAOIs undergoing relatively 
minor procedures.” 


Inhalational anaesthetics 


Inhalational anaesthetic agents have complex effects on 
brain dopamine concentrations, inhibiting synaptic reuptake 
of dopamine, thereby increasing its extracellular concentra- 
tion” and affecting both spontaneous and depolarization- 
evoked dopamine release.© These changes occur at clinic- 
ally relevant concentrations of anaesthetic agents. For 
patients taking L-DOPA, anaesthetic agents such as 
halothane, which sensitizes the heart to the action of 
catecholamines, should be avoided. The newer inhalational 
agents, isoflurane and sevoflurane, are less arrhythmogenic, 
but hypotension is still a concern due to hypovolaemia, 
norepinephrine depletion, autonomic dysfunction and the 
co-administration of other medication. Patients taking 
bromocriptine or pergolide are prone to excessive vasodila- 
tion further exacerbating hypotension. Of historical interest, 
chronic trichloroethylene exposure has been implicated in 
the development of parkinsonism.” 


Intravenous induction agents 


Previous case reports have described parkinsonian episodes 
in patients receiving thiopental,” $ and in animal studies 
thiopental decreased dopamine release from striatal 
synaptosomes.” The clinical significance of this 1s unclear 
and thiopental has not been directly implicated in exacer- 
bating parkinsonian symptoms. Ketamine is theoretically 
contraindicated in Parkinson’s disease because of an 
exaggerated sympathetic response, but it has been used in 
these patients without harm.*° Recent interest has focused 
on the use of propofol in patients with Parkinson’s disease, 
particularly those undergoing stereotactic pallidotomy or 
thalamotomy. Theoretically, propofol is an ideal agent to 
use while attaching the stereotactic frame, because of its 
rapid metabolism and emergence profile. Again, there is a 
paucity of evidence about its effects in patients with 
Parkinson’s disease but case reports have described both 
dyskinetic effects," and abolition of tremor,” in patients 
scheduled for stereotactic procedures leading to cancella- 
tion of surgery. As patients presenting for stereotactic 
surgery have their anti-parkinsonian medication stopped for 
12-24 h preoperatively, so that their symptoms may be 
observed and then seen to be abolished, the second case 
report recommended that propofol is not used for these 
procedures because of its unpredictable effects.” 
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Table 2 Possible drug interactions in patients with Parkinson’s disease 


intraoperative administration of L-DOPA if required, are 


key factors in the reduction of postoperative morbidity. 
These recommendations are summarized in Table 2. 


References 


Drug Comments 
Induction agents 
Propofol Avoid for stereotactic procedures? ™ 
Etomidate Probably safe 
Thiopental Probably safe 
Analgesics 
Fentanyl Possible muscle rigidity’? 4°” 
Meperidine Avoid in patients on selegiline!“° 
Morphine Possible muscle rigidity? 
Alfentanil Possible dystonic reactions”® 
Volatile agents 
Isoflurane Probably safe 
Sevoflurane Probably safe 
Enflurane Probably safe 
Halothane Possible arrhythmias 
Neuromuscular blocking drugs 
Succinylcholine Possible hyperkalaema>> 8* 
Non-depolarizing agents Probably safe 


Neuromuscular blocking agents 


There are no reported cases of non-depolarizing neuro- 
muscular blocking drugs worsening the symptoms of 
Parkinson’s disease. Succinylcholine has been reported to 


cause hyperkalaemia in a patient with Parkinson’s disease,’ 


5 


although the case was complicated by other factors. A later 
case series looked at seven patients with Parkinson’s 
disease, who received succinylcholine as part of their 
anaesthetic management and found no signs of succinyl- 


choline-induced hyperkalaemia.** 


Opioids 


There are numerous reports of muscle rigidity following the 
use of fentanyl in normal patients, and those with an 
established diagnosis of Parkinson’s disease.“ Opioid- 
induced muscle rigidity responds to neuromuscular block 
and is postulated to result from presynaptic inhibition of 
dopamine release. !?? Morphine has, however, also been 
shown to be associated with a reduction of dyskinesia at 
very low doses and an increase in akinesia at higher doses in 
patients with Parkinson’s disease.” Acute dystonia after 
alfentanil has also been described,” and the severe inter- 
action between meperidine and selegiline has already been 


noted.! 


It is clear that there is no simple anaesthetic regimen for 
patients with Parkinson’s disease. Much of the evidence 
about the safety of various anaesthetic drugs or techniques is 
based on single case reports or small case series. The 
absence of randomized controlled trials evaluating various 
anaesthetic techniques or drugs means that advice can only 
be based on data that have obvious limitations. What is 
apparent from these reports is that most patients with 
Parkinson’s disease are elderly with coexisting medical 
conditions as well as the complications of the disease and its 
treatment. Meticulous preoperative assessment, mainten- 
ance of drug therapy up to the time of anaesthesia and 
afterwards, avoiding known precipitating agents and 
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What information do anaesthetists provide for patients? 
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Background. Information on anaesthesia interventions, plans and risks ıs needed by patients 
and carers alike and is a key component of the Good Practice In Consent initiative. Existing 
information materials may under-represent what patients are able to contribute. 


Method. UK anaesthetic departments were surveyed on provision of written patient 
information. The response rate was 66% (177/267). 


Results. Fifty-five per cent of respondents reported providing patient Information materials 
for planned surgical admission, mainly on general anaesthesia, regional analgesia and pain. A 
minority provided information for children and for critical care patients. Few (32%) had sought 
feedback from patients, and few used existing sources of guidance. Most (85%) wanted 
improvements, with a four-to-one majority favouring central resources developed by The 
Royal College of Anaesthetists. 


Conclusions. Working in parallel does not give our hospitals excellent, effective patient 
information materials. Demand exists for The Royal College of Anaesthetists to lead in this 
area. Working in partnership with patients and taking into account existing written guidance is 


important but has often been overlooked. 
Br J Anaesth 2002; 89: 917-19 
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Patients and carers need information about interventions 
and care provided by anaesthetists, including alternatives 
and risks.’ Written information for patients underpins two 
vital processes for achieving patient-centred healthcare: 
exploration of preferences and making informed choices. It 
is also central to the Department of Health’s drive to 
strengthen consent. We surveyed anaesthesia departments 
in the UK, seeking an overview of provision of patient 
information materials, as the first stage of a Royal College 
of Anaesthetists’ project to evaluate existing patient infor- 
mation and to create new material where necessary.” 
Previous studies focused largely on the process of 
developing information materials and on evaluating their 
quality.>* Developing patient information is a complex 
process involving appropriate methods for patient involve- 
ment and consultation; targeting and dissemination; impact 
assessment and updating. There can be substantial time and 
other costs. Evaluations have shown that existing informa- 
tion materials may suffer from incomprehensibility, 


unavailability, uncertain quality, mappropriateness and 
lack of balance.*’ Petterson found that 10% of patient 
information materials had demanding readability scores— 
equivalent to learned articles in medical journals.’ 


Methods and results 

In spring 2001, after piloting in two sites and taking into 
account comments received, we sent our survey instrument 
to all 267 UK hospitals with an anaesthesia department. Our 
main objective was to understand the approach at hospital 
level to patient information, exploring leadership, methods 
used to reach patients, and processes used to develop, 
update and assess the impact of information materials. We 
also explored perceived scope for improvement and the role 
of The Royal College of Anaesthetists in producing 
information materials. Finally, we explored the content 
and range of patient information reportedly provided, 
focusing on anaesthesia for routine admissions, general, 
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regional and sedation techniques, and certain specific 
patient groups. 

We received 179 questionnaires (two unusable) from the 
267 anaesthesia departments surveyed, so our response rate 
was 66% overall. Results are expressed both as absolute 
numbers and as percentages of those responding, unless 
otherwise stated. 


Approach at hospital level 


Leadership 

Most responders (93%, n=165) were consultant anaesthe- 
tists. Nearly two-thirds of anaesthesia departments (63%, 
n=112) had a named contact for patient information. 
Occasionally another department (Patient Information; 
Quality; Risk Management; Communications) was 
responsible. 


Dissemination of information to patients 


Of the 177 responders, 50% (n=89) reported providing 


information at pre-admission clinics, 35% (n=62) attached 
information materials to admission letters and 34% (n=60) 
provided information materials to patients at admission; 
some responders did all three. 


Resources used 

Guidance used in developing local information materials 
included: Anaesthesia Explained: A Patients Guide 
(Association of Anaesthetists of Great Britain and Ireland; 
AAGBD}® (n=36), How to write medical information in plain 
English (Plain English Campaign)? (n=5), the DISCERN 
readability instrument* (n=3) and other resources (n=10). 


Piloting and updating 

A third of departments (32%, n=57) reported seeking patient 
feedback on the information they provided. Rather fewer 
departments (21%, n=37) went the extra step of formally 
piloting information materials that they had produced. 
Approaches to updating varied, with 75 (42%) reporting 
having updated some of their patient information materials 
in the previous 2 yr. A quarter of departments (24%, n=42) 
reported having a policy for regularly updating patient 
information. 


Scope for improvement 

In the view of most departments (85%, n=150), improve- 
ments were needed to existing information, and included 
making it more comprehensive and more available, includ- 
ing more detail, better targeting and better presentation. 
Most (71%, n=126) also commented on what should be 
produced at national level, the top five suggestions for 
content being: general anaesthesia (m=25), pain relief 
(n=25), safety aspects, spinal, analgesia and regional 
analgesia (n=14 in each case). Although 26 respondents 
argued that patient information materials should always be 
produced locally, most of those stating a view supported 
The Royal College of Anaesthetists in producing a central 


resource (n=100). Many wanted this to be produced in a way 
that allows amendment at local level, for example to include 
local information. 


Content of patient information currently provided 

Of the 177 departments surveyed, 55% (98 hospitals) 
reported providing information of some kind for planned 
admissions. Patient information with the following content 
was provided: pain management (n=117, 66%), general 
anaesthesia (n=82, 46%), epidural analgesia (n=63, 36%), 
spinal analgesia (n=40, 23%), local techniques (n=30, 17%) 
and sedation (n=15, 8.5%). Of the 164 hospitals with critical 
care facilities, information on critical care was provided for 
relatives by 55% (n=90) and for patients by 37% (n=60). 
Most hospitals (133, 75%) reported providing information 
materials for day-case patients, most of which emphasized 
general information rather than anaesthetic care. 


Chronic diseases 

Information materials relating to anaesthesia for patients 
with chronic diseases were reportedly provided by only 24 
(14%) of hospitals. Patient groups covered were those with 
diabetes (19 hospitals), cardiovascular disease (n=8), 
respiratory disease (n=6), renal disease (n=6) and haemo- 
globinopathies (n=3). 


Children 

A substantial minority of the 156 departments that provided 
a children’s anaesthesia service also provided anaesthesia 
information materials. Children were the target in 44 
hospitals, (28% of 156), and parents in 55 hospitals (36% 
of 152 responding). Some hospitals provide both types of 
information materials. 


Disability 

Thirty-nine hospitals reported providing information for 
patients with disabilities, as follows: hearing impaired 
(n=27); physical disabilities (n=23); visual impairment 
(n=6); literacy problems and learning disabilities (7=3 
each). 


Ethnic minorities 

Most hospitals (64%, n=113) reported having access in 
principle to linkworkers/interpreters to assist with informa- 
tion for patients from ethnic minorities. However, staff were 
in such short supply that 58% (n=102) hospitals relied 
largely on English-speaking relatives. Just over half (n=92) 
reported that they did not provide any written anaesthetic 
information for patients from ethnic minorities. A minority 
(9%, n=16) had information leaflets in several languages. 


Jehovah's witnesses 

Most hospitals (80%, n=142) reported having no suitable 
information available. Responses included: special consent 
form (n=13), information booklet (n=10), link person (n=2), 
local policy (n=2) and Management of Anaesthesia for 
Jehovah’s Witnesses (AAGBI)° (n=1). 
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Comment 


Patient-centred healthcare is high on the UK government’s 
modernization agenda for health. Excellent patient infor- 
mation will be a prerequisite. Our study reflected reported 
practice on patient information in 66% of UK anaesthesia 
departments. If, as is likely, responders gave more attention 
to this topic than non-responders, then our results may 
overstate the extent of information provision. 

Many departments produced their own information 
materials but did not involve patients in the production of 
these materials, nor did they pilot materials. Although sound 
guidance exists to assist clinicians in developing patient 
information materials, very few anaesthesia departments 
had made use of it. Some topics are relatively well served 
with information materials, for example pain management. 
However, some important topics (e.g. spinal analgesia) and 
some patient groups (e.g. children) were not served in most 
hospitals. Information on anaesthesia for patients with 
special needs (e.g. diabetes) was in particularly short 
supply. Many responders stressed that existing patient 
information should be improved upon. 
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Background. Gut ischaemia may contribute to morbidity in sepsis, but little Is known about 
the metabolic state of the gut mucosa in such patients. 


Methods. Nine patients with abdominal septic shock treated with norepinephrine, and ten 
healthy subjects, were subjected to equllibrium dialysis with a rectal balloon. pH, PCO and con- 
centrations of L-lactate were measured by auto-analyser. 


Results. In rectal dialysis fluid from patients with septic shock, acidosis was present (pH 7.23, 
95% CI 7.11-7.36) and concentrations of L-lactate were approximately five times greater than 
controls (2.5-5.8 vs 0.5~1.2 mmol litre”'). The lactate concentration was related to the dose of 
norepinephrine (P<0.00!). In contrast, values of dialysate PCO, did not differ significantly 
between patients and controls (6.4~1 1.0 vs 8.9-]3.8 kPa). 
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Conclusions. The results suggest that, elther lactic acidosis in rectal mucosa is related to 
shock severity, or that norepinephrine causes mucosal ischaemia. In any case, metabolic dys- 
function Is present in the rectal mucosa in patients with abdominal septic shock treated with 


& 


norepinephrine. 
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In septic shock, gut ischaemia may contribute to morbidity 
and this feature may be remediable in septic patients.’ 
However, very little is known about the metabolism of the 
gut in human septic shock. 

We set out to measure pH, PCO, and concentrations of 
L-lactate in the gut of patients with septic shock and healthy 
subjects. Luminal equilibrium dialysis is a valid, non- 
invasive method for the estimation of extracellular concen- 
trations of small molecules (<12 kDa) in rectal mucosa.” 
Animal studies show that measurement of mucosal lactate 
by luminal microdialysis is a valid method by which to 
assess intestinal ischaemia.” 


Methods and results 
Participants 


After approval by the regional ethics committee and with 
informed written consent, we studied nine patients with 
peritonitis (six had intestinal perforation and three acute 
pancreatitis) and established septic shock (>24 h), and ten 
healthy volunteers. 

Septic shock was defined as the presence of a positive 
bacterial culture from the blood or the peritoneal cavity and 
the need for infusion of norepinephrine (>0.04 pg 
kg"! min“) to maintain a mean arterial pressure (MAP) 
>70 mm Hg. We did not include patients with any of the 
following conditions: (i) any changes in cardiovascular 
treatment in the preceding 2 h, (ii) systemic hypoxia 
(Pao,<8 kPa), (iii) abnormal rectum or left colon, (1v) active 
gastrointestinal bleeding, or (v) an intra-abdominal pressure 
>20 mm Hg. All patients had been resuscitated with i.v. 
fluids before the study using Dextran 60 (Macrodex®; 
Pharmacia-Upjohn, Uppsala, Sweden) and isotonic saline 
until the arterial pressure was stable, after which another 
1000-2000 ml of fluid were given. Blood was given if the 
haemoglobin concentration was <5 g di. If oliguria was 
present, dopamine was infused at 4 ug kg min” (four 
patients). All patients received systemic antibiotics, select- 
ive digestive decontamination (except three patients) and 
enteral nutrition (except one). Three patients had a 
pulmonary artery catheter in place during the study. All of 


these patients had a cardiac index >3 litre min! m?, a 


pulmonary capillary wedge pressure >16 mm Hg and a 
systemic vascular resistance index <1000 dyn s cm™ m°. 


Luminal equilibrium dialysis 

pH, PCO, and concentrations of L-lactate in rectal mucosa 
were measured by luminal equilibrium dialysis as previ- 
ously described.” Bags of dialysis tubing (semipermeable 
cellulose, cut-off 12 kDa; Sigma, St Louis, MO, USA) were 
closed over 5 cm of Tygon® tube (Cole-Parmer Instruments 
Company, Vernon Hills, IL, USA) with a three-way 
stopcock at the distal end for airtight sampling. Bags were 
filled with 4 ml of Dextran 40 10% in isotonic saline 
(Rheomacrodex®; Pharmacia-Upjohn) and placed in the 
rectal lumen for 4 h, which was the time required for 100% 
equilibrium of eicosanoids in vivo.* Incubation of dialysis 
bags for 2 h in a saline bath containing 1 mmol 
litre"! L-lactate (Sigma) at 37°C was sufficient for 100% 
equilibrium of L-lactate. pH, PCO and L-lactate were 
measured by auto-analyser (ABL 625, Radiometer, 
Copenhagen, Denmark). As D-lactate may be produced by 
luminal bacteria, saline solutions containing 1, 10 and 100 
mmol litre™’ p-lactate (Sigma) were analysed in the ABL 
625, but D-lactate was undetectable (n=3). 


Statistics 


Normal distribution of the variables was tested with the 
Kolmogorow-Smirnov statistics and the Levine test was 
used to test for equal variance. Data were analysed by 
Student’s t-test for unpaired or paired variables, or linear 
regression analysis where appropriate.* P-values <0.05 (2- 
tailed) were considered significant. 


Results 


In dialysis fluid from the patients with septic shock, acidosis 
and increased concentrations of L-lactate were observed 
compared with values in fluid from healthy subjects 
(Table 1). In septic patients, the mean concentration of 
L-lactate in dialysis fluid was 70% greater than in arterial 
blood (P=0.03, Table 1), and there was no correlation 
between the two values (P=0.27). In contrast, dialysate 
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Table 1 Characteristics and metabolic values in arterial blood and rectal dialysis fluid in patients with abdommal septic shock and healthy subjects Data are 
mean (SD or range) or number of patients (%). *Values from seven patients, as air-contamination occurred in dialysates from two patients 


Septic patients 
(a=9) 
} 56 (38-72) 
Mortality (%) 45 
SAPS II 43 (9) 
MAP (mm Hg) 80 (9) 
HR (beat mun“) 103 (19) 
Antenal blood 
pH 7.34 (0.05) 
Pco, (kPa) 58 (0.8) 
Po; (kPa) 119 (14) 
L-lactate (mmol tre’) 2.4 (1.3) 
Rectal dialysate 
pH 723 (0 15)* 
PCO, (kPa) 87 (2.8)* 
L-lactate (mmol litre™}) 41 (2.2) 


Healthy subjects t-test 
(w=10) P 

26 (23-32) 0 0001 
7.46 (0.15) 001 
1.3 G2) 034 
68 (05 0 0002 


HR=heart rate, MAP=mean arterial pressure; SAPS U=sumplified acute physiology score II. 


N 
a 





Dialysate L-lactate (mM) 





0.0 
00 0.1 0.2 0.3 0.4 
Norepinephrine dose (pg kg” min’) 


0.5 


Fig 1 Relationship between rectal dialysis fluid concentration of L-lactate 
and the dose of norepinephrine in patients with abdominal septic shock. 
r°=0.89; P=0.0001 by linear regression analysis. 


concentrations of L-lactate correlated with the dose of nor- 
epinephrine (Fig. 1, r’=0.89; P=0.0001). The dose of 
norepinephrine was not related to systemic values of 
L-lactate (P=0.48). 


Comment 


Our results show lactic acidosis in the rectal lumen of 
patients with abdominal septic shock. Lactic acidosis may 
represent anaerobic glycolysis from hypoperfusion of rectal 
mucosa. Although sympatomimetics can cause systemic 
lactic acidosis through aerobic glycolysis, this has not been 
seen during infusion of norepinephrine,” as was used in the 
present study. In support of this, systemic values of L-lactate 
were not related to norepinephrine dose in our patients, but 
the regression analyses of the present study have a high risk 
of a type Il error. In addition to being markers of 
metabolism, acidosis® as well as lactate’ can cause cellular 


dysfunction leading to increased intestinal permeability and 
increased morbidity in septic shock. 

Rectal equilibrium dialysis may be a simple, non-invasive 
method to measure markers of metabolism in gut mucosa in 
critically ill patients. The 4 h of equilibration used in the 
present study may hamper its clinical use. However, it is 
possible that equilibrium can be obtained earlier or that non- 
equilibrium dialysis with a shorter time of exposure can 
detect clinically relevant differences. Future studies should 
address these questions as well as the effects of age, 
dopamine, antibiotics, enteral nutrition and fluid manage- 
ment. 

The high values of PCO, observed in the rectal lumen of 
both patients and healthy subjects suggest that carbon 
dioxide may come from bacterial metabolism. 
Alternatively, weak acids in faeces may be buffered by 
HCO,,, which is secreted into the lumen by rectal epithelial 
cells. Consequently, any change in bacterial number or 
metabolism or epithelial secretion of HCO; could affect 
PCO), pH, or both and complicate the interpretation of these 
values, In the gastric mucosa, an increased luminal—arterial 
PCOz gap may indicate regional hypoperfusion. We did not 
determine arterial PCO in the healthy subjects, so com- 
parison between the groups is not possible. Bacterial 
metabolism may also generate D-lactate, but this was not 
detectable by the auto-analyser used in the present study. 
This suggests that bacterial metabolism did not contribute to 
the high dialysate lactate observed in septic patients. 

The observed relationship between dialysate L-lactate and 
norepinephrine dose suggests that mucosal L-lactate is 
related to shock severity, which may be indicated by the 
dose of norepinephrine. Alternatively, norepinephrine treat- 
ment may itself cause mucosal ischaemia. In any case, 
metabolic dysfunction is present at the rectal—mucosal 
barrier in patients with abdominal septic shock treated with 
norepinephrine. 


921 


Orlowski et al 


References i 


I Landow L, Andersen LW. Splanchnic ischaemia and tts role in 
multiple organ fallure. Acta Anaesthesiol Scand 1994; 38: 629-39 

2 Lauritsen K, Laursen LS, Bukhave K, Rasx-Madsen | in ‘vivo 
profiles of eicosanolds In ulcerative colitis, Crohn’s colitis, and 
Clostridium drfficile colitis. Gastroenterology 1988; 95: 11—17 

3 Tenhunen Jj, Kosunen H, Alhava E, Tuomisto L, Takala JA. 
Intestinal luminal microdialysis’ a new approach to assess gut 
mucosal ischemia. Anesthesiology 1999; 91: 1807-15 

4 Kuo J, Fox E. Sigma Stat® Manual. Microcomputer Tools for 
Scientist. Revision SSD-1.0. Augsburg: Jandel Scientific, 1992 


5 Totaro RJ, Raper RF Epinephrine-induced lactic acidosis 
following cardiopulmonary bypass. Crt Care Med 1997; 25: 
1693-9 

6 Menconi Mi, Salzman AL, Unno N, et al. Acidosis induces 
hyperpermeability in Caco-2BBe cultured Intestinal eprthelial 
monolayers. Am J Physiol 1997; 272. G1007-21 

7 Plum J, Razeghi P, Lordnejad RM, et al. Peritoneal dialysis fluids 
with a physiologic pH based on elther lactate or bicarbonate 
buffer-effects on human mesothelial cells. Am } Kidney Dis 2001; 
38: 867-75 


British Journal of Anaesthesia 89 (6): 922-4 (2002) 


Bacterial contamination of epidural needles after multiple skin 
passes 


C. Orlikowski'*, P. M. Majedi' and A. D. Keil? 


‘Department of Anaesthesia and *Department of Microbiology, King Edward Memorial Hospital for 
Women, Bagot Road, Subiaco, WA 6008, Australia 
*Corresponding author: Department of Anaesthetics, Royal Hobart Hospital, 48 Liverpool Street, Hobart, Tasmania 
ae: 7001, Australia 


‘Background. Infection and epidural abscess are important complications of epidural analgesia. 
Difficult insertion may be associated with an Increased risk of bacterial contamination of the 


epidural needle or catheter. 


Methods. Bacterial contamination of epidural needles and trocars after difficult epidural inser- 
tion, defined as two or more skin passes, was assessed in 38 obstetric and ten gynaecological 


patients. 


Results. There was no bacterlal growth on any of the 48 epidural needles or trocars despite 
the mean (range) insertion time being 20 (10-30) min and the number of Insertion attempts 


being 3 (2-4). 


Conclusions. Difficult epidural Insertion is not associated with an increased risk of needle 
contamination and is therefore an unlikely source of epidural Infection. 
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Infection and epidural abscess is an important complication 
after epidural analgesia. A recent prospective multi-centre 
Danish survey reported nine epidural abscesses out of 17 372 
epidurals, or an incidence of one in 1930 patients.’ Sterility 
at time of siting the epidural is critical’ to. prevent the 
introduction of bacteria with the passing of the epidural 
needle. A prospective study has recently identified an 
overall 16.7% incidence of bacterial contamination of spinal 


needles (n=114) and 25% contamination of epidural needles 
(n=20) after a single pass of the needle in elective 
orthopaedic or urological surgery.” 

As a result, we postulated that difficult epidural catheter 
insertion might be associated with an even higher incidence 
of bacterial contamination of epidural needles. We under- 
took a study to establish the incidence of epidural needle 
bacterial contamination after difficult epidural placement 
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Table 1 Distribution of weight, ASA status and distance to epidural space 





ASA R Distance to epidural space n Weight n 
(cm) (kg) 

I 16 3 1 <50 2 

u 25 4 7 50-75 18 

um 6 5 20 76-100 20 

IV 1 6 9 101-125 6 
>6 „H >125 2 


and to determine whether the incidence of bacterial 
contamination increased with difficulty. 


Methods and results 


Approval for the study was obtained from the Hospital 
Research Committee. Epidural needles and trocars after 
difficult epidural insertion in 38 obstetric and ten gynaeco- 
logical patients were cultured. Difficult epidural insertion 
was defined as two or more skin passes (i.e. the epidural 
needle was removed from the patient’s back and re-inserted, 
either through the original skin puncture or through a new 
puncture). 

Standard aseptic technique at our institution for the siting 
of epidurals included face-mask, hat, sterile gown and 
gloves. The skin was cleaned using a red-tinted chlorhex- 
idine 0.5% in alcohol 70% solution applied at least three 
times and allowed to dry. Disposable epidural Abbott kits 
(Abbott Ireland, Sligo, Republic of Ireland) were used at the 
time of study. 

After any difficult epidural insertion, the epidural needle 
and trocar were placed in separate sterile containers by the 
anaesthetist and sent to the laboratory, where 1 ml of sterile 
BBL trypticase soy broth (Becton Dickinson Biosciences, 
Lane Cove, Australia) was added to each of the needle and 
trocar tip containers. After vigorous vortexing for 30 s, 
0.5 ml was removed and inoculated in toto onto a 5% 


defibrinated horse blood Columbia agar plate (Oxoid, West , 


Heidelberg, Australia). After drying in air, plates were 
incubated aerobically with additional carbon dioxide 5% at 
35°C for 24 h and for a further 24 h if no growth was then 
observed. A total of 48 epidural needles and trocars were 
studied after 38 lumbar and ten thoracic epidurals. Further 
data is shown in Table 1. 

The mean (range) number of attempts was 3 (2-4) and 
time of insertion was 20 (10-30) min. At the time of 
insertion, four patients were receiving antibiotics for 
surgical reasons. There was no bacterial growth on any of 
the epidural needles or trocars (95% CI for the incidence of 
bacterial contamination 0-7.4%). 


Comment 


Despite multiple skin passes and difficult insertions, we 
were unable to demonstrate any bacterial growth. This is in 


marked contrast to the overall 17.9% incidence of contam- 
ination of mostly spinal needles, which were sited with a 
single pass in another study.” 

The most likely explanation for our findings may be 
attributable to the different methodologies used. In the study 
by Raedler and colleagues,” the tryptic soy broth used to 
rinse the needles was incubated for 24 h before the plating 
out onto Columbia blood agar. This methodology is 
sensitive in detecting, via growth amplification, any viable 
organisms present on the needles from any source, and may 
include skin organisms acquired at the time of skin passage 
during placement of the block, or contamination of the 
needle subsequent to its removal. Another disadvantage of 
this methodology is that it does not allow for any 
quantitative estimation of the contaminating bacterial 
inoculum, as both low and high initial bacterial inoculums 
will result in the same positive broth culture result. 

In contrast, the soy broth used to rinse the needles was 
plated out directly in our study. This allows for quantitative 
assessment of the bacterial contamination. In studies of 
intravascular catheter-associated infections, there is good 
evidence that both local and bloodstream infection is related 
to bacterial load as determined by semi-quantitative? and 
quantitative methods.* A similar situation is likely to be 
applicable to epidural-related infections and thus a quanti- 
tative culture method may be preferable. 

In the study of Raedler and colleagues,” there was 


Mention of hats, sterile gloves and drapes, but not of sterile 


gown and face-mask. The absence of these may increase the 
risk of bacterial contamination which, coupled with the 
culture methods used, may have resulted in their high rate of 
bacterial contamination. The risk of bacterial contamination 
when not using a face-mask is highlighted by a case report 
where the bacteria cultured from an epidural abscess was 
exactly the same as that found in the nose of the anaesthetist 
who performed the procedure.” 

Also, the iodine 10% solution used in the Raedler study 
may not be the most effective antiseptic. In a study of 69 
patients undergoing back surgery, the operative field was 
prepared with three-layer application of either chlorhex- 
idine 0.5% in alcohol 80%, or povidone-iodine 10%. 
Excised skin specimens were cultured with an incidence of 
5.7% positive culture in the chlorhexidene group compared 
to 32.4% incidence in the iodine sample (P<0.01). 

In conclusion, provided rigorous skin asepsis is used, an 
increase in number of skin passes, or time taken establishing 
epidural anaesthesia, does not appear to be risk factors for 
bacterial contamination of epidural needles. 
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We describe a 25 mg intrathecal morphine overdose during a combined spinal-epidural block 
for a Caesarean delivery. Naloxone infusion (5.24 mg over 24 h) was started prior to the 
patient becoming symptomatic and almost immediately after the overdose. Invasive therapeut- 


ics such as mechanical ventilation were avoided. 
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Since it was introduced by Brownridge in 1981,! combined 
spinal—epidural block has gained popularity as a standard 
regional technique for Caesarean delivery. Opioids associ- 
ated with hyperbaric bupivacaine 0.5% 2.5 ml (12.5 mg) are 
commonly chosen for subarachnoid administration because 
they provide rapid and profound analgesia. Secondarily, 
epidural block 1s used to extend spinal analgesia and to treat 
postoperative pain. f 

Occasional intrathecal morphine overdoses have been 
reported, but most of them were described in patients 
chronically exposed to these drugs and for whom tolerance 
is well known.” ? 

However, there are few reports in the literature describing 
the perioperative course of an opioid intrathecal 
overdose.*® These previous cases occurred in patients 
undergoing orthopaedic surgery and where cerebro-spinal 
fluid removal, or mechanical ventilation, or both were 
performed. Our report details the successful treatment of 
intrathecal morphine 25 mg overdose that did not require 
such invasive managements during a combined spinal- 
epidural block for a Caesarean delivery. 


Case report 

The patient was a healthy 31-yr-old, gravida 7, para 4, at 39 
weeks gestation, 156 cm and 75 kg parturient with a 
singleton pregnancy. She had an uncomplicated prenatal 
course and was scheduled for elective Caesarean delivery 


because of a contracted pelvis, for which she had already 
undergone four Caesarean sections under spinal anaesthesia. 

The spinal puncture was performed by the midline 
approach at the L2-L3 interspace with the patient in the 
sitting position. The anaesthetist injected fentanyl 30 ug and 
2.5 ml of what was thought to be sterile hyperbaric 
bupivacaine 0.5% through the spinal needle. Immediately 
after the injection, the solution was identified as morphine 
10 mg mI intended to fill the reservoir of the i.v. patient- 
control postoperative analgesia device. The ampoules were 
visually checked, but the similar appearance of bupivacaine 
and morphine ampoules may have been responsible for the 
‘misidentification. Thus, the patient received 25 mg mor- 
phine intrathecally instead of bupivacaine. Fifteen minutes 
after the event, she did not report any change in temperature 
sensation and had no motor block. Nevertheless, the 
epidural block was performed (lidocaine 2% with 
epinephrine 1:200 000 10 ml, lidocaine 2% 10 ml) and the 
patient was immediately placed in supine position. 
Respiratory rate was 12-14 bpm while breathing 
6 litres min™! 100% oxygen and she was haemodynamucally 
stable (arterial pressure 115/62 mm Hg, heart rate 82 beat 
min”). An i.v. naloxone infusion at 80 ug h” was initiated 
after a loading dose of 0.4 mg and vital signs were checked 
every 5 min. 

A healthy, 3800 g boy with Apgar scores of 9 and 10 at 1 
and 5 min, was delivered 90 min after the event. Following 
informed consent from the mother, plasma concentration of 
morphine was measured in the baby immediately after the 
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Table 1 Plasma concentrations of morphine in the mother and in the baby 
after intrathecal morphine 25 mg 


Time Piasma concentration of Plasma concentration of 
ch) morphine in mother morphine in baby 
(ng litre”) (ng litre) 
To 50 5.2 
Tot4 60 
Tot8 63 
To+12 2.8 
Totl6 2.0 
Tot20 20 
Tot24 20 


delivery (mass spectrometry, venepuncture sample) and in 
the mother 15 min after the injection and 4, 8, 12, 16, 20 and 
24 h after the event (Table 1). 

During surgery, transient hypotension responded to i.v. 
ephedrine 9 mg. Immediately after the end of the Caesarean 
section, the patient was admitted to the post-anaesthesia 
care unit, where arterial pressure, heart rate, respiratory rate, 
oxygen saturation, nausea, itching, vomiting, sedation score 
(O=conscious, 1=somnolent, 2=very somnolent, 3=con- 
fused, 4=comatose) and visual analogue self-rating scale 
(O=no pain, 10=worst pain imaginable) were checked every 
15 min. There was no residual nerve block post-natally. 

Three hours after the injection of morphine, and because 
of a respiratory rate of 8 bpm and somnolence (sedation 
score 2), naloxone i.v. infusion was increased to 200 ug h. 
This resulted, 20 min later, in an increased respiratory rate 
(10-12 bpm) and decreased sedation. At the same time, it 
was realized that the morphine ampoule was not sterile, and 
prophylactic antibiotic treatment was initiated using methi- 
cillin 1 g/8 h and ciprofloxacin 200 mg/12 h initially 1.v., 
then orally after 48 h. It was stopped on day 7. 

Six hours after the end of the Caesarean section, the 
patient was admitted to the intensive care unit where arterial 
pressure, heart rate, respiratory rate, oxygen saturation, 
nausea, itching, vomiting, sedation score and visual 
analogue self-rating scale were checked every hour. 

During the following 24 h the patient’s respiratory rate 
was normal (lower respiratory rate 8 bpm), she was 
haemodynamically stable (lower arterial pressure 100/65 
mm Hg, higher arterial pressure 141/72 mm Hg) and did not 
vomit. Sedation score was never greater than 2. She 
complained of mild pruritus and nausea that responded to 
i.v. metoclopramide. Urinary catheter was removed on day 
1. The patient never reported a visual analogue score of 
more than six. Pain was controlled easily with proacetami- 
nophen 2 2/6 h. Naloxone infusion was discontinued 24 h 
after its introduction (arterial pressure 120/80 mm Hg, heart 
rate 75 beat min, respiratory rate 15 bpm, oxygen 
saturation 98% while breathing room air). She received a 
total of 5.24 mg naloxone i.v. over the 24 h acute phase. 

The patient spent 24 h in the intensive care unit and was 
discharged to home on day 8. Three months after the event, 
no signs of meningitis or fever were reported. 


Discussion 

Accidental massive overdoses of opioids have been reported 
in various settings, including dysfunction of a patient- 
controlled analgesia device,’ and during epidural® or 
intrathecal anaesthesia.” In our patient, the event was 
because of an accidental intrathecal morphine injection 
because of misidentification of drug ampoules. The similar 
appearance of hyperbaric bupivacaine 0.5% and morphine 
10 mg ml ampoules may have been responsible for this 
event. However, the anaesthetist should have checked the 
drugs, which were prepared by a nurse before injection. 

Depending on route of administration, excessive doses of 
opioids may result in a variety of adverse outcomes, 
including hypothermia, myoclonic seizures, pulmonary 
oedema, respiratory depression, coma and death.” '° 

Intrathecal morphine overdoses in patients who were 
not chronically exposed to this drug have been reported 
with morphine doses ranging from 5 to 15 mg.**® These 
previous reports discussed the management of patients 
who received less opioid than our patient. Kaiser and 
Bainton® have described success in treating a 5 mg 
intrathecal injection of morphine after 4 h by the 
removal of 50. ml of cerebro-spinal fluid from the 
lumbar area and its replacement with saline. Pomonis 
and colleagues? reported four cases of intrathecal 
morphine overdoses (15 mg), that occurred in patients 
undergomg orthopaedic operations under spinal anaes- 
thesia and who necessitated mechanical ventilation 
despite naloxone infusion (the authors did not report 
the dose of naloxone). A third report,* described an 8 mg 
intrathecal morphine overdose that did not require 
mechanical ventilation, probably because of naloxone 
infusion (9.6 mg over 24 h). The common finding 
among these three reports is the late recognition of the 
intrathecal morphine overdoses (1.5-4 h after the event). 
In our report, naloxone infusion was begun prior to the 
patient becoming symptomatic and nearly immediately 
after the morphine injection (15 min). That may explain 
the success of this non-invasive treatment. Nevertheless, 
this should be accomplished with small incremental 
doses to avoid the severe hypertension, dysrhythmias, 
and pulmonary oedema that are presumably a result of 
the rapid increases in sympathetic tone that may 
accompany the sudden return of pain when opioid 
effects are antagonized too rapidly. 

However, in massive intrathecal morphine overdoses 
(S250 mg) it is important to consider more invasive 
treatments.7* Groudine and colleagues,? describing a 
250 mg intrathecal morphine overdose in a patient chron- 
ically exposed to this drug, suggest that attempts to remove 
as much drug as possible from the cerebro-spinal fluid by 
aspiration and, if necessary, irrigation should be started 
immediately. This may avoid direct neurotoxicity of 
morphine that seems to be responsible for myoclonus 
unresponsive to i.v. naloxone.” 
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Myoclonus has been experimentally induced in rats!” and 
was reported during massive intrathecal morphine over- 
doses despite naloxone treatment.’ It is interesting to 
observe that myoclonus did not occur in our patient despite 
intrathecal morphine 25 mg. 

Sixteen hours after the event, plasma concentrations of 
morphine were no longer detectable (Table 1). However, 
ventilatory response does not seem to be correlated with 
plasma concentrations of morphine after intrathecal injec- 
tion. 
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We describe the use of awake fibreoptic intubation in the management of a patient with a 
known difficult airway, who presented with stridor resulting from supraglottic oedema. The 
aetiological factors contributing to this supraglottic oedema included coexisting thyroid swell- 
ing and congestive cardiac failure. Options for appropriate airway management in such cases 


are discussed. 
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The appropriate management of the airway in otolaryngo- 
logical surgery is often a challenge. This may be com- 
pounded by coexistent medical conditions and local 
pathology. Awake fibreoptic intubation is one of the 
methods to be considered to secure a safe, definitive airway 
in these circumstances. We present a case in which this 
technique allowed the safe management of a patient with a 


known difficult airway complicated by obesity, a short neck. 
thyroid swelling and congestive cardiac failure. 


Case report 


A 53-yr-old female presented to the accident and emergency 
department with a 2-week history of increasing stridor. She 
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denied any previous similar episodes. There was no history 
of dysphagia or exacerbation of stridor at night. There was 
no evidence of any weight loss in the recent past. She was 
known to have insulin-dependent diabetes mellitus, hyper- 
tension, congestive cardiac failure and carcinoma of the 
breast. 

She had undergone a gastric polypectomy 4 yr before 
presentation, at which time examination had revealed a 
grade IV laryngoscopy. Further details of the drugs and 
method of tracheal intubation used at this time were 
unavailable. She was given a patient information sheet 
regarding this finding from the consultant anaesthetist 
involved, but had misinterpreted the advice given, believing 
that she should never again receive a general anaesthetic. 
This had influenced the treatment of her breast carcinoma, 
for which she was receiving chemotherapy rather than 
surgery. 

On initial examination, inspiratory stridor was clearly 
audible. She was noted to be a short, very obese lady (body 
mass index 51) with a short neck, and was extremely 
anxious. Oxygen saturation measured by pulse oximetry 
was 95% on air. Arterial blood gas sampling confirmed she 
was not hypoxic, but was hypercarbic. On a Fio, of 0.6, pH 
was 7.405, PO, 16.7 kPa, PCO, 6.35 kPa and HCO; 29.2 
mmol litre’, with a base excess of 4.3. Her heart rate was 90 
beats min“ and in regular rhythm, with an arterial blood 
pressure of 176/96 mm Hg. Auscultation of the chest 
revealed conducted upper airway sounds. On palpation of 
the neck, a soft-tissue swelling, firm in consistency, was 
noted at the anterocentral aspect of the neck. The thyroid 
cartilage was barely palpable. Intravenous hydrocortisone 
and nebulized epinephrine were commenced, with slight 
improvement. 

Lateral x-ray films of the soft tissues of the neck (reported 
by a consultant radiologist) suggested a swelling or mass 
over the arytenoids and posterior half of the glottis. The 
epiglottis appeared to be depressed over the glottis. The 
anteroposterior view showed possible compression and 
deviation of the trachea to the left. A CT scan or MRI of the 
neck was unavailable. 

Flexible nasendoscopy by an ENT consultant showed 
excess redundant mucosal thickening with oedema over the 
arytenoids, which was prolapsing in and out of the glottis 
during inspiration and expiration. She was commenced on 
regular dexamethasone and told to have strict voice rest. 
The patient was admitted to the intensive care unit for 
airway observation, continuation of oxygen therapy, 
epinephrine nebulizers and continuous positive airway 
pressure (if required). Two days later, fibreoptic nasendo- 
scopy was repeated, and although there was some resolution 
of the oedema a large portion of redundant mucosa was still 
being drawn into the glottis on inspiration and blown out 
with expiration. As her condition remained static, it was 
decided by the ENT surgeons that direct laryngoscopy, 
microlaryngoscopy and excision of the redundant mucosa 
were required. In view of her known grade IV intubation 


risk and the additional problem of soft-tissue overgrowth, 
early discussion took place between the consultant ENT 
surgeon and consultant anaesthetist to plan appropriate 
options. The main concerns from the anaesthetic point of 
view were her obesity, stridor at rest and the neck swelling, 
aside from the problems caused by her medical co- 
morbidity. These factors were complicated by a previous 
history of difficult intubation. 

The safest way to manage the airway for the microlar- 
yngoscopy and debulking was the important consideration. 
The options considered were: (i) retrograde passage of an 
epidural catheter with awake intubation, following the 
catheter as a guide; (ii) tracheostomy under local anaes- 
thetic; (iii) inhalational induction and intubation without a 
muscle relaxant, with or without pre-placement of a 
cricothyroid cannula; and (iv) awake fibreoptic intubation. 

The first three options would have been difficult 
considering her short neck, indistinct anatomical landmarks, 
neck swelling and the risk of losing the airway during 
inhalational induction. The redundant oedematous tissue 
could have acted like a ball valve. It was decided that awake 
fibreoptic intubation was the preferred method. 

After a thorough assessment, the consultant ENT surgeon 
decided she could be discharged home safely with infor- 
mation to return immediately should she deteriorate. The 
lady was readmitted, as planned, 1 week later. Because of 
her multiple pathology, it was decided that the surgeon 
should be ready to perform a tracheostomy whatever the 
outcome of her airway surgery. She was fully counselled 
regarding the need for the tracheostomy and the technique 
of awake intubation via the fibrescope. Premedication with 
hyoscine 0.4 mg was given i.m. 1.5 h before the procedure. 
She was also given nebulized epinephrine 5 mg in oxygen 
during transfer to the operating theatre. After venous access 
had been secured, the patient was preoxygenated via nasal 
cannulae in the sitting position, as her size and condition 
precluded the supine position. Topical cocaine paste (25%) 
was applied to the nose and the fibrescope was inserted 
through the right nostril. Topical lidocaine (4%) 2 ml was 
sprayed into the oropharynx. When the vocal cords became 
visible, 4% lidocaine 1 ml was sprayed onto the glottis and 
the fibrescope was introduced gently into the trachea. The 
procedure was uneventful, though technically very difficult 
because of the excess tissue (Fig. 1). 

The trachea was then sprayed with 4% lidocaine 1 ml 
before a 6.0 mm armoured tracheal tube was introduced into 
the trachea, sliding over the fibrescope using a ‘railroading’ 
technique. Once the tracheal tbe position had been 
confirmed by capnography, general anaesthesia was induced 
with oxygen and sevoflurane. The position of the tracheal 
tube was reconfirmed by the fibrescope before fixation. 

During. direct pharyngolaryngoscopy after intubation, a 
view of the supraglottis only was obtained. The supraglottis 
was very oedematous but there was no obvious tumour seen. 
It had been decided that a tracheostomy should be 
performed before supraglottic surgery, in the hope that it 
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Fig 1 Oedematous supraglottic mucosa 


might allow the supraglottic oedema to settle. The mucosal 
overgrowth might have been worsened by turbulent airflow 
through the glottis. At tracheostomy, significant thyrome- 
galy was confirmed and a large swelling of the thyroid 
isthmus was noted. A partial thyroidectomy was performed, 
resulting in marked decompression of the larynx and 
trachea. The tracheostomy was technically very difficult. 
The whole procedure took almost 4 h, resulting in a blood 
loss of approximately 1500 ml. An awake tracheostomy 
would have been impossible in this patient. She made a 
good postoperative recovery, requiring only overnight 
admission to the intensive care unit before transfer back to 
the high dependency unit. Histology confirmed the cause of 
the thyromegaly to be benign, multinodular goitre. 

During the following week, repeated flexible nasendo- 
scopy revealed a gradual but sustained resolution of both the 
oedema and excess mucosa (Fig. 2). The tracheostomy was 
decannulated at the patient’ s request and she was discharged 
1 month after the operation. The delay in discharge resulted 
from attempts to improve her congestive cardiac failure and 
achieve weight control. It is expected that the stoma will 
remain patent for many months. It would be a relatively 
simple procedure to dilate the tracheocutaneous tract to re- 
insert a tracheostomy tube or tracheal tube should she 
require a general anaesthetic in the future. 


Discussion 

Appropriate airway management is an essential part of the 
anaesthetist’s role. Airway difficulties are complicated by 
obesity, a short neck, thyroid swelling or a laryngeal mass. 
Sharing of the airway with surgeons, as in ENT procedures, 
makes the tasks more challenging.’ A strategy needs to be 
developed in order to anticipate and manage patients with 
difficult airways. This includes identifying the potential 
problem, considering different options, and selection of an 
appropriate plan in the particular scenario of the individual 
patient. Regular and ongoing discussions with the surgeons 
regarding the plans are also important. The patient should be 
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cricothyroid membrane and passage of a tracheal tube over 
the catheter from above, or introduction of a transtracheal 
cannula’ would also have been difficult for the same 
reasons. Inhalational induction and intubation without 
muscle relaxants was another option considered, but the 
risk of losing the airway in a patient with known grade IV 
laryngoscopy presenting with acute stridor made this option 
inappropriate. This would have been further complicated as 
it was uncomfortable for the patient to lie down flat even 
when awake, because of stridor and her co-morbidity. The 
only viable option was awake fibreoptic intubation, which 
the patient tolerated well. Even though this was technically 
challenging, good planning and communication with the 
patient and surgeon allowed safe management of the airway 
in this case. 
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thrombi on a pulmonary artery catheter: two unusual 
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We describe a patient who had two rare complications (a probable allergic reaction to cyclo- 
sporin and the early formation of a right atrial thrombus) during bilateral sequential single lung 
transplantation performed under the one anaesthetic. The thrombus, discovered at the end of 
the procedure, was then removed under cardiopulmonary bypass. Peroperative trans- 
oesophageal echocardiography was useful in providing critical diagnostic and therapeutic 


information. 
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Bilateral sequential single lung transplantation during one 
anaesthetic is an option for patients who require double lung 
replacement.’ It does not require routine use of cardio- 
pulmonary bypass because each graft is performed while 
ventilation and circulation are supported by the contralateral 
lung; the native lung during the first part of the procedure, 


and the first transplanted lung during the second. However, 
in case the haemodynamic condition of the patient deterior- 
ates, cardiopulmonary bypass should always be made ready 
for use.’ 

We describe two rare complications occurring in a patient 
during bilateral sequential single lung transplantation: a 
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Fig 1 TOE examination using a multiplan probe revealed an echo-dense 
mass (arrow) bound to the pulmonary artery catheter in the right atrium 
on a 131° axis of the four-chamber view 


probable allergic reaction to cyclosporin, and the formation 
of a right atrial thrombus discovered at the end of the 
procedure. 


Case report 

A 38-yr-old man with cystic fibrosis was scheduled for 
double lung transplantation. Immunosuppressive agents 
(cyclosporin 2 mg kg’ and azathioprine 2 mg kg™') given 
over 30 min by i.v. infusion were started according to the 
hospital procedure, immediately before induction of anaes- 
thetic. Simultaneously, a right femoral artery catheter was 
inserted under local anaesthesia. Suddenly, the patient 
complained of distress and pulse 
oximetry showed a rapid decrease in arterial oxygen 
saturation. The first recorded systolic arterial pressure was 
35 mm Hg. Initial management included i.v. injection of 
epinephrine | mg and cessation of the infusion of 
immunosuppressants. Face mask ventilation with 100% 
oxygen was quickly followed by tracheal intubation with a 
double-lumen tracheal tube after bolus administration of 
etomidate 20 mg and rocuronium 100 mg. Stable haemo- 
dynamics were achieved 20 min later, the patient having 
received two more boluses of epinephrine | mg followed by 
an epinephrine infusion 2 mg h''. Transoesophageal 
echocardiography (TOE) showed vigorous, homogeneous 
contraction of small right and left ventricles without 
segmental wall motion abnormalities. It ruled out other 
possible causes of sudden cardiopulmonary distress, espe- 
cially pneumothorax (there was no right atrial or right 
ventricle compression), and acute pulmonary embolism (no 
right ventricular dilatation). The possibility of an anaphy- 


severe respiratory 


lactic reaction either to the latex gloves worn by the 
anaesthetic team or to the immunosuppressive agents was 
raised, despite the lack of associated signs such as wheezing 
or urticaria. We changed to latex-free gloves, and other 
latex-based products were removed from contact with the 
patient. As the clinical situation was under control, we 
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Fig 2 Thrombus bound to the distal end of th Im 
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right atrial cannulation was employed for c 


patient was given heparin 300 IU kg 


bypass. The right atrium was opened, and 
the extremity of the Swan—Ganz catheter 
with the thrombus attached (Fig. 2). The 1 
closed, the cannulae were removed and th 
was reversed with an infusion of protamir 
units over 20 min. At the end of the procedur 
the proximal part of the Swan—Ganz cathete 
by a triple-lumen central venous catheter 
Postoperative recovery was uneventt 
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24 h. The patient is alive and healthy 
transplantation. 
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Discussion 


Two major complications occurred during this double 
lung transplantation: a probable allergic reaction to 
cyclosporin before induction of anaesthesia, and the 
formation within a few hours of a large right atrial 
thrombus. TOE ruled out other possible causes of the 
cardiopulmonary collapse, and facilitated its treatment. It 
then revealed the atrial thrombus. 

The differential diagnoses of the acute cardiopulmonary 
deterioration before induction of anaesthesia included a 
tension pneumothorax, massive pulmonary embolism ( both 
complications this patient was at risk of), and anaphylactic 
shock or another type of adverse drug reaction. The first two 
diagnoses were ruled out as TOE did not show compression 
or dilatation of the right cardiac chambers. Moreover, the 
timing of events suggested that this was a probable allergic 
reaction to cyclosporin, with immediate hypotension 
following its administration, and recurrence after reintro- 
duction of the immunosuppressive agent. Proof of the 
anaphylactic aetiology of the cardiopulmonary collapse is 
not available, as we did not take blood for histamine, serum 
tryptase, or complement analyses. Moreover, after recovery, 
skin prick-tests would not necessarily have led to the 
diagnosis as immunosuppressive therapy decreases skin 
reactivity and consequently could have given a false 
negative result. 

Several case reports of life-threatening anaphylactic 
reactions to i.v. cyclosporin have been reported, one of 
which resulted in cardiopulmonary arrest. * Allergic reac- 
tions to i.v. cyclosporin are uncommon (0.1%) and are 
usually a result of the solvent Cremophor EL (polyoxy- 
ethylated castor oil base).? which is known to cause 
anaphylactoid shock. Inappropriate mixing of the solution 
can lead to a large plasma concentration of Cremophor EL 
during the initial phase of the infusion; the heavier solvent 
may fall to the bottom of the mixture and pass through the 
infusion set first. A recent study reported that cyclosporin 
and Cremophor EL concentrations could be up to 9-fold 
higher than intended during the first 10 min of the infusion. 
This high concentration can be a predisposing factor for 
anaphylactoid shock.” Such a complication requires a 
change in the immunosuppressive procedure, as in our 
patient, or the administration of cyclosporin capsules 
which have been demonstrated to be well tolerated in a 
patient allergic to standard oral and i.v. solutions of 
cyclosporin.* 

The atrial thrombus was attached to the Swan—Ganz 
catheter. Thrombus formation on a pulmonary artery 
catheter has been described by several authors.°’ In their 
original description of the double-lumen flow-directed 
balloon-tipped catheter, Swan and colleagues? detailed 
two patients who had evidence of thrombosis related to 
the pulmonary artery catheter. In an autopsy study, mural 
thrombi were found in the right cardiac chambers in 
approximately one-third of patients.” The main mechanism 


of thrombus formation is dependent on the thrombogenicity 
of the catheter surface. Thrombus formation starts when a 
fibrin sleeve forms around an indwelling catheter, exerting a 
procoagulant effect. Moreover, T hypercoagulable state 
created by high-dose aprotinin, "° or administration of 
epsilon aminocaproic acid,!? may lead to the formation of 
thrombi around the catheter within the first hour after 
insertion. Heparin-coated catheters may prevent or tegue 
the incidence or severity of such complications. Hoar’? 
examined 20 consecutive pulmonary artery catheters in 
cardiac surgical patients and found adherent thrombi 
formation on all non-heparin-bonded catheters but none 
on heparin-bonded catheters. In our case, thrombus forma- 
tion was diagnosed 10 h after pulmonary artery catheter 
insertion, in the absence of any precipitating factor (atrial 
fibrillation, aprotinin administration, blood transfusion, or 
removal of the introducer sheath). 

Any link between an allergic reaction and early thrombus 
formation is speculative. However, it is well-known that 
anaphylaxis can trigger a systemic inflammatory reaction in 
which platelet activating factor and thromboxan A2 are 
released and induce platelet aggregation and clotting.” 
Moreover, if the reaction to cyclosporin is a result of 
complement activation by Cremophor EL, this can lead to 
the release of anaphylatoxin C5a. Again, the end result is 
platelet aggregation.'* Another hypothesis might be that 
clotting is activated during lung transplantation itself. 
Indeed, a significant rise in concentrations of thrombin/ 
antithrombin HI complex and tissue-type plasminogen 
activator have been reported during the early phase of 
such surgery. 5 

Perioperative or postoperative diagnosis of an atrial 
thrombus attached to a central venous catheter or a 
pulmonary artery catheter using TOE has seldom been 
reported.'°'7 As the thrombus was discovered during 
surgery and because of its potential for tricuspid entrapment 
or pulmonary embolism, we decided to remove it under 
cardiopulmonary bypass despite the haemorrhagic risk. 

This case highlights the importance of simple precau- 
tions: monitoring lines and venous access should be 
established before any drugs are administered. 
Administration of immunosuppression therapy, or of any 
drug with potential allergic complications such as aprotinin, 
must not be concomitant with administration of an anaes- 
thetic drug. This case illustrates how TOE can provide 
critical diagnostic information and help to manage unstable 
patients. TOE was useful in two respects: it ruled out right 
sided atrial and ventricular compression, right ventricular 
dilatation, right or left ventricular failure, and hypovolaemia 
when the patient experienced acute cardiorespiratory dis- 
tress; and it also identified a right atrial thrombus. 
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In vivo effect of haemodilution with saline on 
coagulation 


Editor—As the influence of 1.v. fluids on the coagulation system is 
of importance and also sustains the discussion on optimal fluid 
therapy, we would like to comment on the results reported by Ng 
and colleagues’ and the suggestions presented in the accompany- 
ing editorial.? The study design chosen by Ng and colleagues’ to 
investigate coagulation and haemodilution might eliminate the 
influence of tissue trauma provoked by surgery, but is not ‘without 
the effect of any confounding variables’ .” 

First, the ratio of blood withdrawn:replacement with normal 
saline was 1:2, which suggests that the haemodiluted patients were 
hypovolaemic rather than haemodiluted. Second, all study 
subjects were patients with malignant disease, who are known 
to exhibit some state of hypercoagulability because of their 
underlying disease. Third, the shortening of the reaction time (r- 
time) by 30% and the coagulation time (k-time) by 36-45% was 
statistically different from the controls, but they also showed 
prolongation of the r- and k-times, although no intervention 
occurred. The question arises as to whether such changes are 
relevant in vivo, as they might be explained as an in vitro 
phenomenon attributable to sedimentation of red cells in the 
thrombelastograph (TEG) cup. Uraemic patients have been shown 
to have an increased bleeding time, but also exhibit thrombelasto- 
graphic signs of hypercoagulability measured by shorter r- and k- 
times, increased g-angle and maximum amplıtude compared to 
normal controls. Interestingly, the latter study showed a 
significant negative correlation between haematocrit and signs 
of hypercoagulability. Moreover, isolated reduction of the 
haematocrit from 40 to 10% also resulted ın thrombelastographic 
signs of hypercoagulability.* Reports of accelerated coagulation 
during haemodiluton might therefore be influenced by changes in 
red cell sedimentation occurring with changing haematocrit. It is 
likely that this effect also depends on the physicochemical 
properties of the dilution fluid used and the time needed to process 
the coagulation measurements. Our in vitro and in vive data on the 
influence of colloids and crystalloids on coagulation show an 
accelerated initiation of coagulation during moderate haemodilu- 
tion with Ringer’s lactate and gelatin for the slow-reactin 
intrinsic TEG measurements only.” ° In contrast to the data of Ng 
and Ruttmann,”? our results for accelerated coagulation were 
always accompanied by a reduction in clot firmness. Furthermore, 
we were surprised that, in the study by Ng and colleagues, the a- 
angle mcreased by about 71% in the haemodiluted group at 
30 min, although platelets and fibrinogen decreased markedly. 
Given a normal value of 60°, this would mean that the angle 
would have reached values well above 90°. Was this really 
observed? Analysis of our in vivo data for the a-angle showed no 
significant difference in the intraoperative response profile (area 
under the curve minus baseline, AUCg-p) of extrinsic TEG 
measurements between different fluid regimens (hydroxyethyl 
starch, modified gelatin 4% combined with a basal infusion of 
Ringer’s lactate, or Ringer’s lactate), and a significant difference 
in intrinsic TEG tracings between the two colloid groups only 
(Table 1). 

Another question arises concerning measurements of concen- 
trations of thrombm—antithrombin complexes (TAT). Why were 
concentrations of TAT much higher in the control group, and why 
did they also show a large standard deviation not observed in the 
haemodiluted group? Despite these mter-group discrepancies, the 
authors assumed that thrombin generation was increased in their 





haemodiluted patients as concentrations of TAT did not change 
during haemodilution, but showed an insignificant decrease ın the 
controls. 

A clinical study investigated coagulation after haemodilution 
with gelatin (in addition to a basal infusion of Ringer’s lactate), 
which has also been associated with signs of hypercoagulability.’ 
In this study, concentrations of TAT did not change significantly 
over several hours in haemodiluted or contro] patients Yet 3 h 
after surgery, a significant increase was observed, but only in 
contro] patients. Furthermore, all measurements of activated 
coagulation and fibrinolysis showed no differences between 
groups. 

In summary, there 1s very little evidence that administration of 
i.v. fluids leads to clinically detectable hypercoagulability. Data 
from one study conducted ın 1980, investigating only 30 ‘wet’ and 
30 ‘dry’ patients during abdominal surgery without perioperative 
thrombosis prophylaxis, are insufficient to associate iv. fluid 
therapy with development of deep venous thrombosis.7*® Some 
data ındıcate that the impairment of coagulation i is the least when 
predominantly crystalloids are used.>° These effects are seen as 
an advantage for surgical patients with respect to preventing 
further blood loss and limiting the need for transfusion of blood 
products. Moreover, reports on disseminated intravascular coagu- 
lopathy after administration of crystalloids are lacking ın the 
literature. In vivo, the response of the coagulation system is 
mainly governed by the extrinsic pathway. Therefore, the impact 
of TEG measurements which are obtained without extrinsic 
activation, thus depending on the reactions provoked by contact to 
foreign surfaces, remains to be determined 

Until it 1s proven clearly that hypercoagulability measured by 
TEG 1s not only an ın vitro phenomenon but also relevant in vivo, 
it seems dangerous to recommend withholding iv. fluids. 
Normovolaemia is essential for maintaining sufficient oxygen 
delivery to the tissues, and thus fluid therapy, not only influences 
coagulation, but also preserves organ function. 


P Innerhofer 

D. Fnes 

A. Klingler 

W. Streif 
Innsbruck, Austria 


Editor—Thank you for the opportunity to reply to the letter by Dr 
Innerhofer and colleagues commenting on our paper! We 
acknowledge Dr Innerhofer’s point that the clinical significance 
of the hypercoagulability caused by crystalloid infusion remains to 
be evaluated. However, we believe that, given the prospective, 
randomized and controlled design, it is safe to state that our study 
1s without the effect of any confounding variables. 

We cannot agree with Dr Innerhofer that, because replacement 
with saline was 1:2, patients in the haemodiluted group in our 
study were hypovolaemic. The usual 25-30% retention rule is 
oversimplified and refers to an equilibrium state only The 
percentage retention of infused crystalloid in the intravascular 
compartment is dynamic. It depends upon the volume infused, the 
rate of infusion, and on when one 1s making the measurement. 
This has been discussed elegantly by Hahn and colleagues.” As we 
were allowing only 10 mun for the infused fluid to distribute in our 
study procedure, 1:2 is the ratio administered to achieve 
normovolaemia. In fact, if we assume normovolaemia then the 
drop in haemoglobin (Hb) concentration after removal of 10, 20 
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Table 1 Extrinsically- and intrinsically-activated TEG measurements during 
knee replacement surgery ın groups randomized to receive hydroxyethyl 
starch 6% (HES) 200/05, modified gelatin 4% with Ringer’s lactate (GEL), 
or lactated Ringer’s solution (RL). Dufferences between groups were 
analysed by comparing the penoperative response profile (area under the 
curve, AUC,-p) Data are median (interquartile range). A, baseline, B, 
before tourniquet release, C, end of surgery, D, 2 h later Statistically 
significant difference (AUC,.p P<0 05). *GEL vs HES. No other stattstically 
significant differences between HES, GEL and RL groups Analysis of 
repeated measures ANOVA (all groups pooled) showed no significant time 
effect 


a-angle RL GEL HES 
(©) (n=20) (n=20) (n=20) 
Extrinsic TEG 

A 71 (64/76) 71 (66/72) 67 (64/71) 

B 72 (66/74) 71 (63/72) 69 (64/73) 

C 71 (66/77) 69 (62/71) 65 (60/69) 

D 72 (61/76) 70 (66/73) 62 (58/67) 
AUC4-D 23 (-7.5/11 5) —4 5 (-10 5/-0.5) -5 8 (-17 3/2 8) 
Intrinsic TEG 

A 71 (68/74) 68 (64/72) 70 (64/73) 

B 69 (66/74) 70 (68/74) 67 (64/71) 

C 71 (63/75) 69 (66/71) 67 (62/71) 

D 67 (61/75) 70 (65/73) 66 (63/68) 
AUC,.p 2.5 (-11/7 5) 25 (6/7 5)* ~9 3 (-12 5/-0.5) 





and 30% of blood volume can be predicted by the exponential 
equations:!° 


Hbiog=Hboe™ ! 
Hbzog=Hboe™” ? 
Hbzog=Hboe® ? 


where Hbiog, 20% 30% refers to the Hb concentration after 
removal of 10, 20 and 30% of blood volume and concomitant 
isovolaemic haemodilution. Hbg 1s the initial Hb concentration. In 
other words, the Hb concentration after removal of 10, 20 and 
30% of blood volume should be 0.90 Hbo, 0.82 Hbo and 0.74 Hbo 
respectively In our study, the values were 0.90, 0 80 and 074 
respectively, which confirmed almost exact isovolaemia. 

Dr Innerhofer’s suggestion that the shortening of r- and k-times 
might be an artefact related to changes ın red cell sedimentation is 
interesting, as they reported the effect may disappear when the 
TEG measurement was made more quickly. However, to 
accelerate measurement, the differences one would have to 
introduce are more than just the cell sedimentation rate. Certain 
components of the coagulation process would invariably be 
suppressed or enhanced The differences in TEG variables one 
observes may not be attributable to differences in measurement 
time alone The fact that an isolated reduction of haematocrit 
resulted ın hypercoagulability* only proved that haemodilution- 
related hypercoagulability could develop in the absence of 
changes in concentrations of natural procoagulants or anti- 
coagulants. It cannot be interpreted that the hypercoagulability 
1s because of changes in red cell sedimentation dunng measure- 
ment, nor can the results exclude the possible contribution of 
changes in concentrations of natural procoagulants or antic- 
oagulants. 

We are surprised that Dr Innerhofer quoted the normal value of 
a as 60°, which, as far as we know, is usually quoted between 29 
and 43° for native TEG." In our study, the pre-dilution value 
of œ was 26° in the haemodiluted group, increasing to 43° at 
15 min, a 70% increase. 

The higher mean and variance in the TAT concentrations of the 
control group were because of two patients with high TAT 


concentrations in this group. Thus, the two groups may not be 
comparable directly with respect to TAT concentrations and, 
therefore, this was not attempted What we have done ıs to follow 
the trend of TAT concentration in each group over time. Our 
suggestion that thrombin generation may be increased in the 
haemodiluted group was based on the lack of decline in TAT 
concentration despite haemodilution and a proportional decline in 
other haemostatic and cellular markers within this group 

We fully agree with Dr Innerhofer that the native TEG 1s 
mainly measuring the contact activation (intmnsic) pathway of 
coagulation. Therefore the study, which demonstrated TEG 
features of hypercoagulability and yet prolonged bleeding time,” 
could not be sımply dıscarded as reportıng an artefact ın the TEG 
measurement. The TEG is not a monitor of platelet function. 
Bleeding time measures adhesive properties of platelets 
(platele--vWF-endothelium interaction) which ıs the major 
haemostatic defect observed in uraemic patients.’* Although 
TEG vaniables are affected by thrombocytopenia, interestingly, 
the addition of platelets that are totally incapable of adhesion or 
aggregation improves the TEG, and the possible mechanisms for 
this have been reported '° 

Similarly, because TEG measures mainly the contact activation 
pathway, it is true that the clinical significance of our observation 
remains to be evaluated. We also agree that the patients we have 
studied probably had some pre-existing hypercoagulability. 
However, because of the parallel design of the study, this effect 
should be roughly sumilar in the haemodiluted and control groups 
Being aware of these limitations, and with our total agreement 
with Dr Innerhofer on the importance of adequate circulating 
volume, it has never been our intention to advocate withholding 
i.v. crystalloids from surgical patients. We shall need properly 
designed outcome studies to address this issue 


K. F. J. Ng 

C.C K Lam 

L. C Chan 

Hong Kong, China 
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Quality of pre-hospital emergency ventilation in 
patients with severe head injury 


Editor—We would like to comment on the article by Helm and 
colleagues,’ in which two specific outcomes of out-of-hospital 
ventilation, oxygenation and ventilation are investigated. The 
article concluded that tracheal intubation and controlled ventila- 
tion in the pre-hospital setting do not guarantee optimal 
oxygenation or ventilation. Optimal oxygenation was achieved 
in 85.2% of patients. In 1996, Stocchetti and Furlan? demonstrated 
that 57% of patients with head trauma had an arterial oxygen 
saturation <90% at the scene of the accident. If this patient group 
is similar, the system that Helm and colleagues describe provides 
excellent improvement in the onmscene oxygenation of head- 
injured patients, especially as some of the poorly oxygenated 
patients had significant chest injuries and might well have been 
difficult to oxygenate, even ın the hospital intensive care setting. 
With regard to ‘adequate ventilation’, we accept that, while 
capnography can be difficult to interpret ın the hypovolaemic 
patient or those with severe lung contusion, ıt still provides 
invaluable information. In addition to providing evidence of 
appropniate ventilation, capnography also provides confirmation 
of tracheal intubation and detection of disconnection. Both the 
Intensive Care Society,” and the Association of Anaesthetists,* 
have produced guidelines for transfer of the critically ill. Both 
organizations advise the use of capnography. We see no reason 
why primary transfers of the critically ill should have lower 
standards than secondary transfers, particularly in doctor-led 
systems. Lastly, the authors comment that blood gas analysis 1s 
the gold standard in ventilatory monitoring, but is impractical in 
the pre-hospital setting This is usually the case, but with the 
advent of hand-held devices that can perform blood gas analysis 
as well as other blood tests, it may be that in the few patients with 
prolonged scene times or long transfers, this level of monitoring 
may become practical. 


M J. Richards 
D. J. Lockey 
Bristol, UK 


Editor—First of all, we would like to thank Drs Richards and 
Lockey for their comments on our article.! We agree totally with 
their recommendations and have followed them on a routine basis 
in our emergency medical service ın Ulm, Germany for 3 yr! 

With regard to ‘adequate ventilation’, capnography can be 
difficult to interpret in the hypovolaemic trauma patient or those 
with severe lung contusion.” The use of capnography for 
controlling artificial ventilation is therefore limited in this group 
of trauma patients. However, we agree that capnography provides 


confirmation of tracheal intubation and detection of disconnection, 
and that its routine use should be recommended as a monitor of 
safety in ventilated patients in the pre-hospital setting. 
Capnography has been mandatory in any ventilated patient 
received into our emergency medical service for nearly 3 yr. 

Blood gas analysis ıs the gold standard in ventilatory 
monitoring. In the pre-hospital setting, especially in primary 
rescue missions of traumatized patients, it seems to be impractical 
as a monitoring method on a routine basis because it 1s invasive, 
time-consuming and non-continuous. Again we agree with Drs 
Richards and Lockey when they recommend blood gas analysis ın 
the few cases with prolonged scene times or long transfers. We 
have been performing blood gas analysis, as well as determination 
of haematocrit and plasma electrolytes, in such cases using a 
hand-held blood gas analyser (1-Stat; Hewlett Packard) on a 
routine basis for more than 2 yr. 


M. Helm 
Ulm, Germany 
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Mechanical closure of the vocal cords with the 
LMA ProSeal™ 


Editor—I was interested to read the case report by Brimacombe 
and colleagues! listing the features of the LMA!’ ProSeal™ 
together with the insertion problems ascribed to its bulky nature. 
The recently introduced Airway Management Device (AMD™) 
was designed to address the same shortcomings associated with 
the LMA Classic™, whilst allowing easy and less traumatic 
insertion. 

The mechanical closure described by Bnmacombe is explained 
in detail,’ and corroborates a similar phenomenon seen when 
using a pre-production prototype in an early stage of the 
development of the AMD™. Before the development of the 
‘arrow-head shape’ of the currently available device, the 
anteroposterior diameter of the inflated lower cuff with its unique 
central drainage channel was some 50% greater. Over-enthusiastic 
insertion and inflation of this cuff beyond its optimal position 
resulted ın near complete airway obstruction, presumably of 
similar aetiology (i.e. forward displacement of the glottic inlet). 
As stated, the application of cricoid pressure with the classic LMA 
simulates the same conditions.* 

The less bulky nature of the AMD™ should not cause such 
compression opposite the glottic inlet. The slim anteroposterior 
profile of the lower cuff, when inflated before insertion, greatly 








*LMA?® 18 the property of Intavent Limited. 
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reduces the risk of inadvertent intrusion beyond the oesophageal 
sphincter. The upper cuff, designed to elevate the tongue and lift 
the epiglottis clear of the laryngeal inlet, in a fashion similar to 
laryngoscopy, ensures an unobstructed airway whilst maintaining 
access to the oesophagus. 


M. J. O'Neil 
- Huddersfield, UK 


Editor—-We would like to thank Dr O’Neil for confirming our 
observation of mechanical cord closure.! It would seem that this is 
a potential problem with any extraglottic airway device forming a 
seal in the hypopharynx, and as such is also likely to occur with 
the Laryngeal Tube Airway™? and Pharyngeal Airway Express™® 
devices, which are very similar to the Airway Management 
Device or AMD™, However, we feel it is somewhat premature for 
Dr O’Neil to claim, on design grounds alone, that the AMD™ 
cannot cause mechanical cord closure and yet form an effective 
seal with the hypopharynx. In its resting state the hypopharynx is 
usually closed (as readily observed during gastroscopy). Any 
device occupying the hypopharynx sufficiently to form a seal must 
open it and push the glottis anteriorly. In a percentage of patients 
with unfavourable anatomy, this will inevitably cause glottic 
compression. In our original report, we stated that the incidence of 
mechanical cord closure with the ProSeal™ was 0.4% (4/915).! 
Our latest figure from ongoing data collection is 0.3% (19/6321). 
We consider that the incidence of mechanical cord closure for the 
Laryngeal Tube Airway™, Pharyngeal Airway Express™ and 
AMD™ will be similar once sufficient data has been collected. 


J. Brimacombe! 

C. Richardson! 

C. Keller? 

S. Donald! 
Cairns, Australia 
Innsbruck, Austria 
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Management of failed intubation in a septic 
parturient 


Editor—I was dismayed to read the case report from Hinchliffe 
and Noris! ‘Management of failed intubation in a septic 
parturient’, which actually presents an example of how to not 
manage a difficult obstetric case! In the first instance, trainees 
were left to, or decided to, take on a high-risk case without 


consultant support. Surely we have learned, from the Confidential 
Enquiries into Maternal Deaths,” that most deaths in obstetrics 
associated with anaesthesia involve less experienced anaesthetists 
providing emergency anaesthesia for Caesarean section. When a 
consultant arrived, however, the management decision was 
puzzling. In a patient in whom it had been decided that 
laryngoscopy and intubation were either extremely difficult or 
even impossible, it was elected to proceed to epidural anaesthesia. 
What would have been done in the event of an accidental total 
spinal anaesthetic? In this particular case, the decision to proceed 
to epidural anaesthesia was taken despite the fact that the patient 
was only just managing to maintain adequate arterial oxygen 
saturation breathing oxygen 100%, and was confused and 
haemodynamically unstable! 

This patient should have undergone awake fibreoptic intubation 
from the start. Anything less borders on negligence. Muddled 
thinking, as illustrated in this case report, is exactly what leads to 
disasters. 


M. O'Leary 
NSW, Australia 


Editor—I read with interest the case report by Hinchcliffe and 
Norris.! I have serious concerns about the way this patient was 
managed. The patient, a young, obese (105 kg) nurse, was very 
unwell on admission and the fetus was in considerable distress. A 
decision to proceed to Caesarean section was made. Assessment 
of the patient found her to have a Mallampati score of 3 and a 
‘cricothyroid membrane that was difficult to identify’. No reason 
is given for the difficulty in identification. I assume she had a short 
fat neck, in keeping with her weight. These factors, in 
combination with her obesity, indicate there is a substantial risk 
for her being a difficult intubation, ın a population where the risk 
is only 1 m 300. Nevertheless, the decision to proceed with 
general anaesthesia was taken, without discussing the case with 
the consultant obstetric anaesthetist. Surely such a complex case 
with numerous risk factors demands consultant input at an early 
stage? Moreover, after induction of anaesthesia, she was given an 
inadequate dose of succinylcholine (100 mg); a dose of 150 or 
200 mg would have been appropriate. I wonder whether 
incomplete muscle relaxation contributed to the poor view at 
laryngoscopy? Having anaesthetized and paralysed the patient, 
why was no attempt made to pass a gum elastic bougie on 
visualization of the epiglottis? Surely one attempt was warranted. 

The other major concern I have is, had you been unable to 
ventilate the patient after induction, the option for formation of 
an emergency surgical airway was severely limited because of 
poor landmarks. I suggest that the decision to proceed with 
general anaesthesia ın someone with serious potential airway 
problems was inappropriate. The appropriate course of action 
would have been to perform a regional technique (epidural), or 
an awake fibreoptic intubation at the outset. Although systemic 
infection is a relative contraindication to regional techniques, 
Chestnut? found only one case of epidural infection in 500 000 
obstetric epidurals, with an assumed incidence of 1% 
bacteraemia. If we assume this episode of epidural infection 
occurred in one of those patients who was bacteraemic, this 
indicates a risk of 1 in 5000 for developing epidural infection 
in such patients compared with a nsk of less than 1 in 300 for 
a serious airway problem on induction of general anaesthesia 
in the obstetric population. Of the 531 patients ın the study by 
Goodman and colleagues,* none developed epidural or spinal 
infection despite having a regional technique in the presence 
of chorioamniomitis. Although there is a theoretical risk for 
seeding infection in the epidural/spinal spaces in those who are 
bacteraemic, hard evidence appears to be lacking in patients 
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having ‘single shot’ regional techniques. The risk benefit ratio 
in this case appears to favour a regional technique. 

The reasons given for not performing an awake fibreoptic 
intubation are, at best, dubious. We must remember that what we 
should do is take the safest option, in the patient’s best interest. It 
is worth drawing attention to a recent editorial in The Royal 
College of Anaesthetists Bulletin,’ which claims that there have 
been three deaths attributable to failed intubation by trainee 
anaesthetists in pregnant patients, since the last triennial report 
into maternal deaths (1997-1999)® was published. It 1s better to 
take a little longer over a procedure and inflict some discomfort 1f 
this is the safest option, rather than rush into something potentially 
disastrous. 


M. F. Dunsire 
London, UK 


Editor—Thank you for the opportunity to reply. Dr O’Leary 
appears to misunderstand the role of case reports of this type, 
which is partly for interest, and partly to illustrate some wider 
lesson. The lesson in our case is that regional anaesthesia may 
remain the obstetric anaesthetist’s best option, even when 
systemic infection is present (albeit after antibiotic treatment). 
Dr Dunsire makes a similar point. Our description of events does 
not pretend to be an essay on how to manage such cases. 

The suggestion that the case was mismanaged because of lack 
of experience on the part of the senior trainees involved is 
misplaced. The specialist registrars both possessed the FRCA, in 
addition to several years experience of obstetric anaesthesia. Only 
in the UK and Eire would such doctors still be part of a training 
scheme, and this is reflected in the nature of their clinical 
responsibilities. The decision to request additional assistance from 
a colleague with particular experience or skills reflects sound 
clinical practice not lack of competence. 

In contrast to Dr O’Leary’s remarks, the management of this 
case enshrines many of the principles contained in maternal 
mortality and CEPOD reports;?° a formal assessment of the 
airway was made, assistance was requested, preparations for 
difficult imtubation were made, a failed intubation drill was 
adopted promptly without repeated attempts, and intensive care 
was involved early 

Both correspondents suggest that awake fibreoptic intubation 
should have been performed from the outset. Indeed, Dr O’Leary 
says not to do so verges on negligence. We disagree. We 
acknowledged ın our report that awake intubation might have 
been the best option, but there is no consensus on when this 1s 
indicated on the basis of predictive factors, and the problems with 
this approach have been summarized by Yentis. Even when 
awake intubation appears to be indicated, a cooperative patient is 
still required. Is a woman with a fever in advanced labour with 
fetal distress likely to be cooperative? The ASA difficult airway 
guidelines® suggest regional anaesthesia (as in our case) or 
fibreoptic intubation under anaesthesia as options in this context. 

Even if the indications for awake intubation were clear, which 
they are not, it is futile to argue, as a current standard of practice, 
that all potentially difficult cases undergo awake intubation, when 
the reality (at least in the UK) ıs that most anaesthetists lack the 
necessary skills, training and equipment, especially for a case like 
this.” Difficult cases require knowledgeable, skilled doctors to 
exercise their clinical judgement, not the reflex application of a 
single ‘solution’. 


A. M. Norris 
D. Hinchliffe 
Nottingham, UK 
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Survival and success of weaning from prolonged 
ventilation 


Editor—I was interested in the abstracts from the Lane Fox 
Respiratory Unit regarding their results in weaning and survival 
after prolonged ventilation’? Following the recent NHS 
Modernisation Agency Report ‘Weaning and long-term ventila- 
tion’, the experiences of units like Lane Fox will become 
increasingly important. 

Unfortunately, there are some problems with both the tables ın 
the abstracts that make them difficult to understand. The first 
abstract stated that the total number of patients admitted was 153, 
of which 53 survived and 42 died (Table 17).' What happened to 
the other 58? From the table in the subsequent abstract, ıt appears 
there were 111 survivors, so perhaps the 53 in Table 17 swere the 
patients who were ventilator-dependent on discharge? Of the 
survivors, Table 17 appears to state 35% were ventilator- 
dependent on discharge, whereas the text states ‘Of the survivors 
about one-half were ventilator-dependent at hospital discharge’. 
Thus the ‘35%’ in the table presumably refers to the percentage of 
ventilator-dependent patients at discharge compared with the total 
number of patients admitted (53/153), with 53 of the 111 survivors 
being ventilator-dependent (48%). The text refers to ventilator 
dependency at discharge as 21/94 (22%) for ‘in house ICU” and 
32/59 (54%) for ‘outside ICU’, but the denominators are the total 
numbers in each group admitted to the unit, not the total number 
of survivors at discharge, which would have been more mean- 
ingful in this context. 

The second abstract is difficult to disentangle, mainly due to the 
inadequate and misleading row labelling of the table (Table 18).” 
There is essentially a repetition of the same information ın rows 
two and four. Row two, labelled ‘All survivors (% of total 
patients)’, refers to all survivors to hospital discharge (% of all 
admissions). The final row four labelled ‘Dead (% of total 
patients)’ is the number who died in hospital (% of 
all admissions), which is the same information as row two. 
However, the table omits the pertinent information about those 
who died between hospital discharge and 2 yr. Once you have 
worked out that row four does not give this information, you must 
start searching for it—some of it is in the text of this abstract, and 
some in the text of the previous abstract. The number of deaths 
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Table 1 Variables recorded from the Lane Fox Unit for weaning from mechanical ventilation 








All patients Survivors Dead P-value 
Number (%) 153 111 (73%) 42 (27%) 
53 (35%) ventilator- 
dependant at discharge 
Age Median 63 61 71 <0 05 
Interquartile range 49-72 46-67 61-76 
Days in referring ICU Median 20 14 31 <005 
Interquartile range 8-39 7-34 17-58 
APACHE I (ICU Median 15 14 16 >0 05 
Admussion) 
Predicted mortality Median 165% 16% 19% >0.05 
TISS Median 426 373 541 >005 
Cost per stay on LFU Median £22 035 £20 066 £26 609 >0 05 


JCU=intensive care unit; LFU=Lane Fox Unit. 


between live hospital discharge and 2 yr appears to be a further 35 
patients, derived from the admission to 2 yr survival of 50%, 
giving a post-live-discharge to 2 yr survival of 68%. This can be 
calculated to have included six deaths in the neuromuscular/chest 
wall group (post-live-discharge to 2 yr survival of 85%), 14 deaths 
in the COPD group (post-live-discharge to 2 yr survival quoted at 
52%), and three deaths in the postoperative group (post-live- 
discharge to 2 yr survival of 82%). The text is less than helpful in 
stating ‘postoperative patients had the highest mortality, neuro- 
muscular/chest wall the lowest’? without making it clear this was 
in-hospital mortality. Additionally, it would have been interesting 
to know how many of those weaned at discharge remained off the 
ventilator at 2 yr. 

While I appreciate abstracts must be concise, I found these 
interesting and important abstracts confusing, mainly because of 
the tables. 


A. C. David 
Essex, UK 


Editor—We thank Dr David for her comments and are pleased 
that our abstracts were considered important. We apologize, 
however, that there was difficulty understanding the texts. 

With reference to the first abstract,’ entitled ‘Outcomes, cost 
and long-term survival of patients referred to regional centre for 
weaning from mechanical ventilation’, the table has unfortunately 
been musprinted in the journal. The original table listed the 
number of survivors as 111, 53 of whom were using a ventilator at 
discharge from hospital. Thus, the overall percentage of patients 
who required ventilatory assistance at discharge was 35% (53/ 
153) and over half of the survivors (58/111=52%) were free from 
any form of support at discharge. The text was written to 
emphasize this point. Unfortunately, the interquartile ranges have 
also been inaccurately reproduced. We have included a corrected 
table above (Table 1). 


At our presentation to the ICS ‘State of the Art’ meeting, a 
comparison of patients referred from outside ICUs with those 
referred from the in-house ICU was made. Only a limited amount 
of information can be included in the abstract. Expressing the 
denominators as the total number admitted to the unit would not, 
however, have been meaningful. 

With reference to the second abstract, ‘The influence of 
diagnosis on survival and success in weaning patients from 
prolonged mechanical ventilation’, rows two and four of the 
table contain essentially the same information as it was 
thought this would help the reading of the abstract. In the 
original, the table was placed before the text and was mtended 
to summarise the outcomes at hospital discharge. However, the 
long-term mortality data had to be abbreviated for the abstract. 
It was included as text because combimng this information 
with the previous data on outcomes at hospital discharge 
would have added to the complexity of the table. In addition, 
follow-up data on those who remained ventilator-free at 
discharge were incomplete when the abstract was submitted. 
We agree that this is important. 

We hope our comments answer Dr David’s concerns. Fuller 
data from our unit are being written up and we hope that they will 
be of interest when published. 


D. V. Pilcher 
A. C. Davidson 
London, UK 
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Book Reviews 


The Electronic Anesthesiology Library (TEAL) on CD-ROM 
(Volume 7: 1997-2001). Published by Lippincott, Williams and 
Wilkins, Philadelphia. ISBN 0-7817-3616-1. 


This is the latest TEAL CD of a series that has become established 
as a key resource within active anaesthetic departments. This is a 
review of the latest 5-yr CD version, although there is, allegedly, a 
10-yr DVD version as well. The contents and access are familiar 
to anyone who has used the previous volumes of the CD. There do 
not appear to be any major changes in the software, which uses a 
Windows and Mac compatible format and allows several ways of 
searching the database of journal content. As with all educational 
material, it has both good and bad pounts. 

Its main advantage over internet accessible library or search 
facilities is the ability to access complete papers (of 
Anesthesiology, the British Journal of Anaesthesia, Anesthesia 
and Analgesia, and the Canadian Journal of Anaesthesia) rather 
than the more ubiquitous Medline format of a title and abstract. 
The ability to print and save entire papers or just appropiate 
graphs to illustrate a lecture or presentation is one of the strongest 
points of this package. 

The ‘Knowledge Finder’ software is easy to install if you have 
not used it before, and is almost intuitive enough to begin 
searching the 5-yr database. There is a handbook in the front of 
the jewel case, which contains enough information to make the 
most of the search tools. Sadly, there is no way to copy 
the software and the databases onto a computer without having the 
CD in place. Previous reviews’? have mentioned the variety of 
search strategies available. There is an option to simply review the 
tables of contents of the journals, but whilst this is effective, it is 
little better than using the bound paper versions. The other two 
search methods are more rapid—one uses a ‘fuzzy logic’ to match 
free text to appropriate papers, the other uses the more familiar 
dictionary approach with, for instance, keywords or authors. 

The results are displayed as a page of summaries. The 
information is concise and is ranked according to the nearest 
match to the search strategy The matching appears to be 
prioritized to the nearest text match and then in reverse 
chronological order. This sometimes makes apparently very 
similar papers appear out of sequence. To move from the 
summaries page to view the complete papers is achieved by 
double clicking or hitting a button with two eyes and no 
explanation! The page with the complete paper can also display 
a thumbnail area with all the illustrations, graphs and tables from 
the paper. This is a very valuable tool; ıt is of great use when the 
need is to find that particular graph that explains the concept so 
well for a presentation. Finding it (requiring moving through the 
windows toolbar and finding the figures-tables window) is worth 
the effort. 

The page with the complete paper on has a few more interesting 
features. The cursor becomes a hand once over the text, but unlike 
other programs it does not scroll the text, it highlights the text for 
editing. Even this 1s a little tricky because it often misses the parts 
you want. There are several buttons with no explanation that with 
some simple experimentation appear to increase or decrease the 
line spacing—why? 

Moving between the selected papers can be achieved by using 
the next/previous buttons. They can also be selected using the left 
and night buttons, but using the up/down ones moves to the next 
reference in the database. This is a little disconcerting the first 
time it happens, and just irritating after that. 





The final irritation is the inability to copy the key elements of 
the reference into any of the ‘reference’ software packages. Surely 
the majority of purchasers of this CD will intend to use the results 
of their searches in one literary form or another—be it a review 
article, the discussion section of a paper, or even a PowerPoint 
slide presentation. 

What do I really think about this CD? It remains a very valuable 
resource for a department, and 1s useful for dividuals who need 
to both search for and read complete papers. It 1s this that allows it 
to stand against the internet search systems. I certainly would not 
be without this volume or the previous ones. However, the costs 
involved in buying the CD are high, and the inability to copy it to 
one’s ‘working’ laptop is a significant problem. It is high time the 
software was updated. 

Would I recommend that you buy it? Yes. I would recommend 
that your department has one, and that it is under lock and key. 
The inability to load a working copy on at least one machine is a 
major rsk when the CD is ‘lost’. The 5-yr database is complete 
and, unless you lose a copy, it would make sense to get a new CD 
every 5 yr. 

C. Dodds 
Middlesbrough, UK 


I Prys-Roberts C. The Electronic Anesthesiology Library (TEAL) on 
CD-ROM (Volume 3: 1993-1997). Br J Anaesth 1999; 82: 155-6 

2 Kenny GNC. CD Review: The Electronic Anesthesiology Library 
1996-2000 TEAL CD-ROM. Br J Anaesth 2001; 87: 944 

3 Parsons D. T.EAL The Electronic Anesthesiology Library on 
CD-ROM, 1991-1995. Can J Anesth 1997; 44: 341 


Fundamental Principles and Practice of Anaesthesia. P. Hutton, 
G. M. Cooper, F. M. James I, J. F. Butterworth IV (editors). 
Published by Martin Dunitz, London. Pp. 1072; indexed; 
illustrated. Price £95.00. ISBN 1-899066-57-8. 


This ıs a major textbook pnmarily aimed at the trainee 
anaesthetist, and covers core knowledge in anaesthesia. The book 
is divided into sections, approaching the material from three 
aspects. The first section is ‘Basic Anaesthetic Practice’. This 
covers the process of giving anaesthesia for surgery, and 
management of the normal patient perioperatively and post- 
operatively. It also provides a basic outline of intensive care 
medicine. The second section is entitled ‘Integrated Basic 
Sciences’ and covers biochemistry, physiology, pharmacology, 
and physics with clinical measurement. A third section ‘The 
Presenting Patient’, covers the clinical assessment and manage- 
ment of various categories of patient undergoing anaesthesia, who 
could potentially cause problems. Finally, a miscellaneous 
section, ‘Special Subjects: Physiology and Pharmacology’ pre- 
sents theoretical or practical topics, which do not fit readily into 
the other sections. 

The book is edited from both sides of the Atlantic, but the 
majority of the contributors are from the UK and the book has a 
definite English, rather than transatlantic ‘flavour’. It is, however, 
designed to provide the basic knowledge suitable for anaesthesia 
postgraduate examinations across the world, including those held 
in the UK, Ireland, USA, Canada, Hong Kong, and Australasia. 

Initial impressions are of a book of just over a thousand pages, 
covering every topic that trainees and indeed established 
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specialists, mught wish to look up. Topics are approached from 
both the practical and theoretical points of view. Text, tables and 
diagrams are clearly presented and well laid out In spite of 
multiple contributors, there is a notable uniformity throughout the 
text, which pays tribute to the editing. The text is well organized, 
clearly wntten and with a mmimum of opinion, hypothesis and 
references. It presents the basics of each topic without ambiguity, 
and includes some references at the end of each chapter, for 
further reading where required. The compactness of the format 
often belies the information content, which can be very 
concentrated. 

The book is extremely well supported with photographs (both 
colour and black and white), line diagrams and tables, all of which 
are of a high quality Background colouring to highlight the lune 
diagrams and tables is ın various tones of purple, which certainly 
make the diagrams stand out, in fact strikingly so! However the 
reader’s eyes soon become accustomed to this effect. Splits of 
diagrams from the relevant text are inevitable in all text books, 
and will obviously increase with large numbers of diagrams and 
photographs Fundamental Principles and Practice is exception- 
ally well illustrated, but the reader sometimes pays the price with 
increased page turning to view the diagrams or tables referred to. 
Personally, I found some of the labelling in the diagrams a little 
too fine for easy reading. Photographs, although compact, are of 
excellent quality and illustrate the accompanying text well; even 
the x-rays and CT scans making their point clearly. 

‘Basic Anaesthetic Practice’ effectively constitutes a manual of 
good practice for the anaesthetic trainee, starting with basic 
decision-making and working through the process of giving an 
anaesthetic for surgery. Excellent chapters are given on post- 
operative care and airway management. The text is always centred 
around good anaesthetic practice, but ıs not prescriptive and 
avoids the pitfalls of becoming too didactic or providing 
‘anaesthetic recipes’. Although the authors do not hesitate to 
delve into the detailed underlying anatomy or physiology where 
appropriate, the discussion never becomes so esoteric that the 
reader loses sight of the practical clinical implications. 

The chapter on high-dependency and intensive care ıs only 23 
pages long, but manages to highlight all of the main issues of 
clinical importance very competently. Within these pages the 
authors manage to cover scomng systems not only for patient 
severity, but also for sedation, liver failure, and acute lung injury. 
Different organ system failures are discussed, with a brief but 
clear presentation of underlying pathophysiology, and a basic 
rationale for management. Even sections outlining the primary 
issues ın ethics, death and dying, and communication ın intensive 
care, are included. These few pages will be an invaluable aid to 
new trainees fresh to intensive care medicine This first section 
presents the principles of sound clinical practice, underpinned 
with detailed basic sciences where appropriate, and is highly 
successful. ; 

‘Integrated Basic Sciences’ takes a novel approach to 
biochemistry, physiology and pharmacology, which are tradition- 
ally presented as separate disciplines. The emphasis is laid on 
integration of the basic sciences within each topic. Topics are 
approached by trying to present a seamless discussion, moving 
from the atomic/molecular level through to tissue/organ level, 
with relevant pharmacology woven into the account. 

Thus the opening chapter in this section spans basic physical 
chemistry, biochemistry, intermediate metabolism, cell division, 
and genetics. This is challenging coverage for the reader as the 
materal is concentrated into 30 pages Depth of discussion in not 
necessarily sacrificed ın the mterests of covering ground, and this 
is not easy reading. However, the overview provided gives the 
various components, which are usually covered individually, a 
new perspective seen within the background context of the cell. 


In the ‘Cardiovascular Physiology and Pharmacology’ chapter, 
physiology and pharmacology mesh together naturally. The 
consideration of anti-arrhythmic drugs and inotropes fit well into 
the overall scheme. The reader really does get an impression that 
the whole 1s greater than the sum of its separate parts Similarly, in 
discussion of renal physiology, the inclusion of pharmacological 
implications adds an extra dimension. However, in the chapter on 
liver biochemistry and physiology, although a very good 
discussion of drug metabolism is presented, the drug regimens 
often applied to liver failure patients are not mentioned. 

In general, this integrated approach to biochemistry, physiology 
and pharmacology 1s very successful, adding an extra dimension 
to the reader’s understanding. The result is analogous to the 
difference between Grant’s regional approach to anatomy vs 
Gray’s systemic approach Sometimes an understanding of the 
regional anatomy ıs more useful in practice than an understanding 
of the separate systems of nerves, muscles and bones. 

In contrast, the physics, clinical measurement and statistics are 
presented as separate sections These chapters are well presented 
with good coverage of all topics. A thorough section on clinical 
measurement and safety, together with a clear but concise section 
on statistics completes what is a very commendable basic sciences 
package. 

‘The Presenting Patient’ is a section reminding readers of their 
roots as medical practitioners. It outlines the anaesthetic 
implications of various common disease states, which potentially 
cause problems ın patients presenting for anaesthesia This 1s 
effectively a handbook for practising anaesthetists who are likely 
to be faced with such patients. Excellent summaries and 
guidelines are provided for the assessment and management of 
common presentations, including such conditions as ischaemic 
heart disease, diabetes mellitus, renal failure, hepatic failure, 
obesity, and many more. These are all problems that trainees (and 
indeed all anaesthetists) are more than likely to encounter in 
everyday practice. The section is well written, concise, and based 
on good clinical practice 

‘Special Subjects’ has a wealth of topics in ıt, ranging from 
accounts of how to perform procedures such as insertion of jugular 
CVP lines, to more topical material such as a brief account of cell 
adhesion molecules. This section, apart from providing a home for 
miscellaneous topics, will also enable the volume to ‘keep up to 
date’ against the ever-changing background of medical fashion 

Here 1s a book which has multiple roles It provides the new 
trainee with a basic introduction to anaesthetic pracuce and the 
role of the anaesthetist. It is also a textbook of basic sciences 
written from the anaesthetic point of view by practising 
anaesthetists, to provide core knowledge for postgraduate 
examinations and further learmng. ‘The Presenting Patient’ 
section is a valuable guide and aide memoire for the assessment 
of patients and the management of common clinical problems that 
arise in everyday anaesthetic practice It is a book that sets out to 
be all things to all anaesthetists in training, not only for our own 
trainees in the UK and Ireland, but throughout the English- 
speaking world. 

The difficulties facing such a project are substantial. It has to 
obtain the mght spectrum and depth of coverage, presenting 
complex basic sciences in a clear, organized fashion, but in a way 
relevant to anaesthesia. It should provide clear uncluttered 
guidelines ın clinical matters without becoming over prescriptive, 
and yet encourage trainees to develop their clinical skills using 
basic sciences, thus avoiding clinical practice based on mindless 
algorithms. 

I believe the editors have achieved these ambitions and 
produced an admurable foundation text The volume ıs 
inevitably substantial and the concentration of matenal is 
sometimes daunting, but it truly is a resource containing the 
basics of our speciality. I would have no hesitation in 
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recommending this book to trainees and senior colleagues 

alike. It contains all you need and more to become and remain 

a ‘proper’ anaesthetist! I have no doubt that successive 
editions will go from strength to strength. 

E. S. Lin 

Leicester, UK 


Clinical Data Interpretation in Anaesthesia and Intensive Care. 
S. Bonner and C. Dodds (editors). Published by Churchill 
Livingstone, London. Pp. 278; indexed; illustrated. Price £24.99, 
ISBN 0-443-06453-9. 


This book is a gem! Its aim 1s succinctly articulated in its Preface. 
‘This book grew out of a desire to provide ongoing CPD in 
clinical data interpretation for both consultants as well as trainees, 
together with an insight mto some newer methods of investiga- 
tions, of relevance to anaesthesia.’ 

It succeeds in this aim admirably. A large amount of 
information has been packed mto a small book and yet the 
content remains accessible and relevant. The book 1s multi-author, 
each of the nine chapters having contributions from between one 
and four authors. The book covers a number of areas relevant to 
clinical practice in anaesthesia: respiratory disease, cardiology, 
neurosurgery, orthopaedics and trauma, general anaesthesia, 
intensive care medicine, obstetric anaesthesia, paediatric anaes- 
thesia, and pain management. Each chapter begins with a short 
introduction to the tests on which the data 1s to be presented. 
These introductory sections are clear and useful and in one or two 
cases the authors seem to manage to describe clearly and usefully, 
in three or four pages, material which is frequently described in 
textbooks at much greater length with considerably less clarity. 
The descriptions of thrombelastography and blood gas analysis are 
cases in point. There follows a series of short questions on data 
interpretation, usually 25-30 in number, although there are only 
10 on obstetric anaesthesia and 10 on pain management The 
questions are short, usually occupying about half a page, and 
consist of a clinical scenario together with relevant clinical data 
such as a chest x-ray, ECG, set of blood gas results, or a 
cardiotocograph (CTG). The final section of each chapter consists 
of the answers to the preceding questions plus explanations that 
are sufficient without being overwhelming. References for further 
reading are given. 

The book has a few minor weaknesses. The obstetric section 
seems short, having only 10 questions, six of which are on the 
CTG. The pain management section focuses solely on chronic 
pain-and, again, contains only 10 questions. The x-rays that are 
reproduced in many of the questions have frequently lost detail in 
bemg reduced to fit into the book. However, with regard to this 
last issue, the authors and publishers presumably had to tread a 
line between producing a large expensive book full of high 
resolution images, and a smaller book with perhaps slightly less 
clear images at a reasonable price. I feel that they have made the 
right choice. 

This 1s a book that will fit easily into a briefcase. One can dip 
into it in those short gaps that appear in the working day that can 
be long enough to be tedious but too short to retire to the office or 
the library. It will be useful to trainees preparing for the final 
fellowship examination. (The SpRs to whom I showed it all 
seemed to feel that 1t was an excellent little book.) It will also 
certainly be useful to consultants seeking digestible CPD material 
who wish to supplement their reading of the literature, particularly 
review articles, with material that has a strong clinical flavour. 
This book is packed with useful knowledge, but its great virtue is 
the elegance with which it places the application of that 
knowledge into context. 

S. J. Howell 
Leeds, UK 


Problems in Anesthesia Series. L. A. Fleisher and D. S. Prough 
(editors-in-chief). Quality, Safety, Risk and Outcomes. L. Fleisher 
and D. Prough (editors).. Published by Lippincott, Williams 
and Wilkins, Hagerstown, MD. Pp. 526, indexed. ISSN 0889- 
4698. 


This short volume reviews a wide range of quality issues 
from an American perspective. 

The undoubted increase in patient safety in the last 20 yr 
has had many causes, but one may perhaps flag up two 
principal ones. The analysis of accidents, mwncidents, and patient 
deaths, promoted so successfully by the National CEPOD 
studies in the UK, and the Anesthesia Patient Safety 
Foundation in the USA, has introduced many changes in 
working practice The second major contnbution to patient 
safety has been improved monitoring standards; it is well 
within living memory that one had no continuous monitoring 
available—an intermittent sphygmomanometer, a finger on the 
pulse, and a view of the moving bag to tell us of the 
condition of a patient covered by drapes John Eichhorn 
provides an excellent review of the role of monitoring in 
reducing risk in anaesthesia, and some of the difficulties in 
making an evidence-based assessment of the exact contnbution 
that it has made to increasing safety. 

There are a number of shorter articles on quality manage- 
ment, which I found a little uninspiring—neither convincing 
me that I should change my practice, nor that of our 
institution The data are US-based and reflect the political 
set-up in the USA rather than the UK. There are a number of 
points with which we are readily familiar, such as the 
importance of informed consent, good documentation, con- 
fidentiality etc., which are, of course, universal truisms, but I 
suppose a quality review could not be complete without 
mentioning them. There is, however, no solution provided to 
the difficulties of coping with inadequate information systems, 
missing notes, patients being admutted after lists have started 
etc., which all beset today’s UK anaesthetists 

A chapter on paediatric sedation outside the operating room 
reflects a practice rather different from that commonly found 
in the UK. As an example, midazolam 0.5 mg kg™! was given 
to a child at home before a procedure; the child fell asleep in 
a car seat, became obstructed and died. 

An interesting article on the difficult problem of outcome 
research in anazsthesia discusses study design, meta-analyses, 
and other ways of analysing data. I found this a useful 
chapter, though perhaps not quite as inspiring as the leading 
speakers in the UK would be. 

The closed claims project does appear to have contributed 
towards improving outcomes, in the sense that it made people 
more aware of just how expensive anaesthetic accidents can 
be—biasing thought towards risk management rather than error 
management. They also demonstrated the advances in patient 
safety contributed by monitoring, where only 9% of the clams 
from the 1990s were preventable by monitoring, mn contrast to 
39% of the claims from the 1970s. 

The book closes with short articles on anaesthesia simulation 
and expert witnesses. 

Overall, I am not clear of the benefits of books of this type, 
which are essentially assemblies of review articles If I want to 
be better unformed about a particular topic, I generally prefer 
to go straight to a literature search and read articles in the 
journals. However, this approach does perhaps provide a useful 
overview of the position at any one time, albeit from a 
transatlantic perspective. 

J. A. Lack 
Salisbury, UK 
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Basic Statistics and Epidemiology: A Practical Guide. (1st Edn). 
A. Stewart. Published by Radcliffe Medical Press, Oxford. 
Pp. 151; indexed. Price £19.95. ISBN 1-85775-589-8. 


An understanding of statistical concepts and epidemiological 
methods has relevance to the established clinician, the novice 
researcher, and the FRCA candidate. The syllabus for the 
FRCA examination requires knowledge of study design and 
data collection methods, descriptive and inferential statistics, 
and an appreciation of their limitatons. Knowledge of 
Statistical and research methods may be tested in the primary 
OCSE, or may appear in the final FRCA short answer question 
or viva section. Anecdotal evidence would suggest that FRCA 
candidates are poorly prepared for these questions. For the 
anaesthetist attempting to follow the evidence-based medical 
approach, the novice researcher and the time-pressed examina- 
tion candidate, a concise, succinct overview is required. 
Unfortunately, this short book does not meet any of these 
needs. 

No pnor knowledge is assumed by the author, as 1s 
illustrated by the ‘What are statistics?’, and ‘What is 
epidemiology?’ chapters. The early chapters on statistics give 
a good introduction, with descriptions of sampling methods, 
types of data, and presentation techniques. These are short, 
easily digested sections, which are well presented. The 
following chapters are less clear, with cumbersome descrip- 
tions and often unnecessary calculations. There are few 
diagrams and the use of bullet points and summary tables 1s 
poor. The progression through the chapters 1s neither smooth 
nor logical; notably the concept of frequency distributions is 
introduced too late in the text. Correlation, linear regression, 
and analysis of variance are given just a cursory reference. 
Nonparametric methods and the transformation of data are 
sumply not described. 

Throughout the statistics chapters, the author often reminds 
the reader that he is consulting a ‘basic text’, and regularly 
redirects him to other sources of information. This first section 
of the book feels very much like an ‘add-on’ to the later 
chapters and gives way to what appears as the book’s strength: 
the epidemiological methods. Bias, incidence, prevalence, 
standardization, risk, and causality are clearly outlined. The 
benefits and limitations of different study designs are 
summarized in well-structured chapters. The over-hyped issue 
of multiple comparisions and testing is conveniently side- 
stepped. The requirements of a screening programme are 
detailed, although this is largely by repetition of the UK 
national screening committee’s criteria. Subjects that are given 
quite limited consideration are: clinical trial planning; the 
calculation of sample sizes; and the roles of ethics and consent 
in medical research. An appreciation of power and sample size 
estimations leads to an understanding of statistical principles, 
and of the relative importance of statistical and clinical 
significance. 

Overall, this book does what ıt says on the cover, in that it 
is basic. It covers much ground with inadequate detail and 
unclear explanations. Information is poorly summarized and 
key subject areas are neglected. It is more suited to students or 
those with a passing interest in this area, and at less than £20, 
it should be considered As for readers of the BJA, better 
books addressing statistical and mathematical principles 
specifically aimed at anaesthetists have been reviewed in 
recent years. So although there will be a readership for this 
book, unfortunately it fails to achieve significance ın reaching 
the anaesthetic bookshelf! 


G. L. Thomas and M. O. Columb 
Manchester, UK 


International Anesthesiology Clinics. W. E. Hurford (editor-in- 
chief). Vol. 40: Number 2: 2002: Preoperative Evaluation and 
Cost Containment. R. A. Wiklund (editor). Published by 
Lippincott, Willams and Wilkins, Philadelphia. Pp. 212; indexed; 
illustrated. ISSN 0020-5907. 


This volume, Preoperative Evaluation and Cost Containment, is a 
multi-author book produced in the standard format of the 
International Anesthesiology Clinics series. The editor's goal 
has been ‘to provide the reader with a broad view of the diverse 
issues related to preanesthetic assessment, with special considera- 
tion to the cost-effectiveness of these issues’ He has achieved this 
in 15 chapters, with contributions from 23 authors. 

In the first two chapters, Drs Archer, Schmiesing, Macano and 
Gibby have made a strong case for anaesthesia-led preoperative 
assessment clinics. Preoperative assessment is discussed as a 
quality improvement issue that demands the support of the whole 
institution. The cost-benefit ratio has been examined and these 
authors have concluded that preoperative clinics led by an 
anaesthetic team are cost effective, and result in efficient 
organization and utilization of operating theatre time. 

The following chapter is a summary of the recently published 
ASA Practice Advisory for Preanesthetic Evaluation 
(Anesthesiology 2002, 96: 485-96) The author, Dr Pasternak, 
who chaired the ASA Preoperative Evaluation Task Force, cites 
many reports to support his claim that whenever preoperative 
assessment has been carried out by anaesthetists, the number of 
investigations ordered and referrals to other specialists have been 
fewer than when surgeons carry it out. 

The remaining chapters are reviews of various clinical topics. 
The chapters on postoperative nausea and vomiting, glycaemic 
management of diabetes in the perioperative setting, transfusion 
medicine in the {preoperative period, and the role of the 
anaesthetist in the antenatal period, are good summaries but 
contain nothing new for most anaesthetists. However, the update 
on the American Heart Association/American College of 
Cardiology (AHA/ACC) guidelines on evaluation of the cardiac 
patient undergoing non-cardiac surgery, and the review of 
perioperative use of B-blockers ın reducing cardiac nsk, are 
comprehensive and informative. 

The twelfth chapter is on paediatric preoperative assessment, 
which is a good overview for the occasional paediatric 
anaesthetist. One chapter 1s reserved for the use of computers 
for preoperative assessment. Dr Bader discusses the problems 
involved ın using this technology, particularly the issue of 
maintaining patent confidentiality, and offers some solutions. 
She also provides some web addresses (www.smartsleep com; 
www.-healthquiz.com), that have some demonstrations on internet- 
based preoperative assessment programmes. 

The final chapter considers ‘holistic issues in the preoperative 
period’. Reading ıt reminded me of sitting ın a community health 
lecture in medical school in Ghana, listening to a sociology 
lecturer talking about the ‘sick-role, family support, spintuality, 
beliefs and emotions’. The author of this chapter, Dr Kraft, 
emphasizes that if these aspects of humanity are addressed during 
the preoperative period, patient confidence increases, while 
decreasing anxiety, analgesic requirement, and hospital stay. 
There can be no more imexpensive method of contaming 
perioperative cost than this. 

I enjoyed reading this book. It is a sim volume, readable in a 
couple of evenings. The topics discussed are interesting, well 
referenced, and up-to-date. I was, however, disappointed that the 
topic of preoperative assessment clinics was not discussed by a 
truly international forum. Preoperative outpatient clinics were first 
proposed over 50 yr ago by Dr J. Alfred Lee (Anaesthesia 1949; 
4:168-74), but the concept ıs still not fully embraced. What we 
have here 1s only the USA experience. It would have been 
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interesting to read what other countries’ experiences are. With the 
current trend of ambulatory surgery and ‘same day admit’ in- 
patients, seeing patients in the preoperative clinic seems to be the 
way forward. 

This book will be of interest to most anaesthetists. Clinical 
directors and theatre managers will find the first three chapters 
particularly helpful. According to chapter two, they will help them 
explain ‘how preoperative assessment programs can be justified 
financially to hospital administrators’. 

J. Appiah-Ankam 
Liverpool, UK 
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Investigations, and Short Communications) but not for 
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APPLICATION INFORMATION 
For application information and a full job description go to: www.otago.ac.nz/Jobs Alternatively, contact the Human 
Resources Division, Tel 64 3 479 8269, Fax 64 3 474 1607, Email jenni.whibley@stonebow.otago.ac.nz 
Equal opportunity in employment is University policy. 
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UNIVERSITY OF 


CALGARY 


The Department of Anaesthesla and the Calgary Health Region Invite applications for two full-time academic positions for 
teaching, research and clinical care. The Reglon comprises four teaching hospitals situated in the city of Calgary, and serves i 
residents of southern Alberta, British Columbia and Saskatchewan, providing a full range of health services from acute care to 
public health. The Department of Anaesthesia Is part of the rapidly growing Faculty of Medicine, which Is in the process of | 


building a major new research facility. Calgary is a vibrant city (population nearing 1,000,000) near the Rocky Mountains, Banff ' 
National Park and Lake Louise. i 


Qualifications include a MD or equivalent and certification in Anaesthesia; completion of a fellowship in one of the recognized i 


anaesthesia subspecialty eraming programs; a proven record of teaching and research; and eligibility for licensure in the Province 
of Alberta. 


Please submit a curriculum vitae, statement of research interests, and the names of three referees by December 31, 2002 to: ) 


Dr. G.V. Goresky, Head, Department of Anaesthesia, Faculty of Medicine, University of Calgary, 1403 — 29 Street Nw, [ 
Calgary, AB T2N 2T9 


In accordance with Canadian immigration requirements, priority will be given to Canadian citizens and permanent residents of Canada 
The University of Calgary respects, appreciates and encourages diversity 





.www.ucalgary.ca 


